Crude Oil Manifold » 


In a crude oil pumping manifold the superiority of Nordstrom valves soon becomes evident. 
There are many advantages of Nordstrom valves . .. no contamination of product . . . a quick 
quarter-turn opens or closes them . . . there are no seating area cavities to clog with 
line sediment . . . the patented Nordstrom internal lubrication system spreads a sealing 
film around the seat ports for double tightness and hydraulically jacks the plug for easier 
operation . . . there are special Nordstrom lubricants for every oil field service . . . 

In short, Nordstroms are most economical in the long run. 
Rockwell Manufacturing Company, 
400 N. Lexington Avenue, 


Pittsburgh 8, Pa. Rockwell 


Wherever you are in the oil 
fields, there is a supply 
store with Nordstrom valves 
and Nordstrom service 
nearby. 
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we 


everal different types of Horton tanks 
and steel plate structures—ineluding five 
Hortonspheres, two absorber towers, five 
flat-bottom storage tanks, a serubber de- 
signed to operate at 1050 Ibs. per sq. in. 
pressure, a flash drum operating at 500 Ibs. 
per sq. in. and a Watersphere—are in service 
at the United Gas Pipe Line Company’s 
gasoline plant at Carthage, ‘Texas. These 
structures help produce and store a wide 
range of recovered petroleum products 
propane, isobutane, liquefied petroleum 
gases, natural gasoline, motor gasoline. 
naphtha and kerosene. 

When you enlarge your present facilities. 
consider the advantages of using the services 
of Chicago Bridge & Lron Company. . 
years of experience in the petroleum industry 
..+ many exclusive designs... complete 
plant facilities . .. experienced field crews. 
We are equipped to fabricate structures from 


plain carbon steel or corrosion-resistant 
metals. We have facilities for x-raying and 
stress-relieving to code requirements and 
pickling and painting fabricated steel by 
the Horton Pickling Process. Write ou 
nearest office for estimating figures. 





fbove: Two 1.600-bb6l. 
Hortonspheres (fore- 
ground) operating at 50 
lbs. per sq. in. pressure 
—and three 1,600-bbl. 
Hortonspheres operating 
at 150 lbs. per sq. in 
pressure. 


Right: 5 ft. 6 in. diam. by 
12 ft. scrubber (right fore- 
ground) and two 5 ft. in 
diam. by 48 ft. towers 
{ll operate at 1,050 bs 
per sq. In. pressure. 


Below: Four 10.000-bbl 
cone roof tanks 45 ft. in 
diam. by 36 ft. at the 
United Gas Pipe Line 
Company's natural gas- 
oline plant in Carthage. 
Texas. 





at United Gas | 
Pipe Line Co.’s_ | q 
& was Plant . 


Plants in BIRMINGHAM, CHICAGO, SALT LAKE CITY and GREENVILLE, PENNSYLVANIA 
Atlanta 2174 Healey Bidg. Detroit 26 .. 1538 Lafayette Bidg. Philadelphia 3..1635— 1700 Walnut Street Bidg- 
Birmingham 1 1570 North Fiftieth St. Havana. 402 Abreu Bidg. San Francisco 4 .1564—200 Bush St- 
Boston 10 1028—201 Devonshire St. Houston 2 2137 C & I Life Bldg. Seattle 1 1329 Henry Bidg- 
Chicago 4. .2481 McCormick Bidg. Los Angeles 17.. 46 General Petroleum Bidg. Tulsa 3 1634 Hunt Bidg.- 
Cleveland 15 2251 Guildhall Bidg. New York 6 3373—165 Broadway Bidg. Washington 6, D. C. 1136 Cafritz Bidg. 
REPRESENTATIVES AND LICENSEES: 
Horton Steel Works, Limited, Fort Erie, Ontario, Canada Comprimo N. V., 21, Amstel, Amsterdam (C) Netherlands 
Ateliers et Chantiers de la Seine Maritime, Paris, France Compagnia Tecnica Industrie Petroli, Rome, Italy 
Constructions Metalliques de Provence, Arles-sur-Rhone, France Whessoe, Limited, Darlington, England 
Chicago Bridge & Iron Company, Ltd., Apartado 1348, Caracas, Venezuela Motherwell Bridge & Engineering Company, Limited, Motherwell, Scotland 
Sociedade Chibridge de Construcoes Ltda., Av. Franklin Roosevelt, 194-S-704-C, Rio de Janeiro, Brazil 
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New Well Completion Procedure 


A PROCEDURE that may have a far-reaching influence on well completion practice is 
that followed in the recent completion in the Williston Basin of a deep well in which no 
less than ten packers were used. What makes it of special interest to the industry is the 
fact that in a series of operations, including perforation, testing, and squeeze cement- 
ing, the work was accomplished without a hitch and the well left in excellent condition 
for commercial production. Because of the speed and smoothness of the operation, 
great savings accrued in completion costs. This is believed to be the first well in which 
so many packers were successfully applied and a series of operations expeditiously 
adopted to bring a deep well in as a commercial producer. 


The details of the operation are described in an article in this issue and may have a 
widespread application to well completion in the Williston Basin and elsewhere. It may 
be the forerunner of a trend that eventually will have a profound effect on the testing 
and completion of deep wells, and in effecting savings in time and equipment. The fact 
that the Williston Basin is so great in extent and that eventually many wells will be 
drilled and completed there as successful producers, and also the fact that there are 
believed to be several potential producing horizons, the procedure followed in this well 
takes on added significance. It is a prime example of the strides that have been and 
are being made in the equipment end of the business. A job such as has been accomp- 
lished would not have been thought possible a few short years ago. Thanks to the efforts 
of the specialty manufacturer and service company, the operator can look forward to 
drilling to greater depths with more assurance that he will be able to cope with the most 
difficult of drilling conditions as they may arise. 


To go into a region about which not much is known concerning the underground 
conditions or the type of formations to be penetrated, the drilling of deep wells is a 





matter of no small concern to operators. 


The procedure followed in the completion of this deep well in the Williston Basin 
is a valuable contribution to progress in well completion practice. The very fact that an 
operator can be reasonably sure of being able to isolate or produce from any certain 
interval in the well opens up vast possibilities in his development operations. The prob- 
able great depths of wells to reach production in the Williston Basin emphasizes the 
significance of the method of well completion cited. It is a step forward, the importance 
of which holds great promise in future well completion operations. Great credit is due 





the operator and the equipment manufacturer for their cooperative effort working out 
a satisfactory solution to a difficult completion problem. It is an exemplary instance of ' 
the operator taking full advantage of the latest devices and services available on the 
market to solve a deep well completion operation.—K.C.S. 
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ola Oil Loan 


Drilling and producing petroleum reserves can be 


security for financing development of properties 


Tue drilling bit is frequently referred 
to as the primary tool of the oil industry. 
There is another and equally essential 
ingredient to oil development, and that 
is the dollar. One of today’s marked 
trends in the oil business is to obtain 
more and more of these essential dollars 
through oil loans with commercial 
banks. 

The oil operator is in the business of 
drilling for and developing oil reserves. 
which, from the banking viewpoint, are 
security. As loans are made on security 
it is natural that the oil man and the 
banks are constantly growing closer to- 
gether. Their fundamental interests 
complement each other. 

The nature of oil loans and their ar- 
rangement with a bank are basically 
simple and fully compatible with the 
interests of the borrower and the bank 
although it is to be admitted that this 
fact, and the actual mechanics of such 
a loan, are not widely and clearly under- 
stood. This is unfortunate in that it has 
produced hesitancy on the part of some 
inexperienced or new, but amply quali- 
fied operators, in initiating a loan. Of 
course, the old line operating firms have 
usually availed themselves of bank loans 
as a foundation to further developmeni, 
and they view the loan on production, 
earnings, or open account in much the 
same light as they regard contracts to 
drilling firms. 


Fundamentals of the Oil Loan 


Initiation of an oil production loan 
calls for supporting information sufh- 
cient for the bank to judge the request. 
Oil exploration and development is not 
and doubtfully ever will be an exact 
science. Even the development of a 
proved reserve calls for the acceptance 
of certain geological assumptions re- 
garding structure, and engineering de- 
terminations of pore space, saturation, 
and overall producibility factors. It is 
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not until a tract is productively de- 
veloped that the unknowns are resolved. 

To become a lender on the basis of as- 
sumptions, no matter how well founded 
they are subsequently proved to be, the 
lender automatically becomes a partner 
of the oil operator whether a corpora- 
tion, a company, or an individual. A 
bank must refrain from such an interest; 
first, because that is not its business, and 
second, because the operator is better 
equipped by reason of experience and 
knowledge to do a creditable job than is 
any bank. 

With adequate information at hand 
there are procedures to be agreed upon 
so that the loan will most satisfactorily 
fulfill the needs of a borrower yet remain 
in full compliance with sound bank 
policies. Also as a part of these me- 
chanics are methods used in analyzing 
the loan, proper evaluation of the secur- 
ity, contingent or adjustive factors of 
a flexible nature. 

Present day oil loans and banking 
policies, giving each of these funda- 


mentals the proper weight, represent a 
healthy yet gradual evolution from the 
early haphazard days of oil banking and 
have been highly beneficia] to both the 
oil and banking businesses. Certainly. 
many regrettable experiences have been 
eliminated by the adoption of policies 
that are realistic and mutually advan- 
tageous. 


The Modern Trend 


Prior to the discovery of Oklahoma 
City, Seminole, and East Texas oil fields, 
wells were generally produced at maxi- 
mum capacity. This practice permitted 
rapid payout of loans and, as a conse- 
quence, oil loans were generally in the 
nature of a “term loan” of 30, 60, or 90 
days with renewals permissible. 

The above and other flush areas cre- 
ated an excess producing capacity that 
promoted general adoption of proration 
to prevent waste by over-production. 
This, in turn, put into general practice 
the theory that the MER (Maximum 
Efficient Rate) should determine the 
daily production rate of a well and that 
maximum ultimate recovery from a 
reservoir would result from such appli- 
cation. This immediately forced a com- 
plete revision—and a constructive one 
in oil loan procedures. It became prac- 
ticable to set up loans for retirement in 
two to four years due to a longer amor 
tization period. Also, the sound policy 
of applying a certain per cent of the 
proceeds from sale of the borrower's 
produced oil could now be applied to- 
ward retirement of the loan. A minimum 
monthly payment was fixed as a definite 
obligation. Oil loans of today are set 
up on a similar basis. 

This modernization has provided a 
flexibility that permits the bank to recog- 
nize the needs of the individual operator. 
Further, the modern loan is less likely 
to be disturbed by crude price fluctua 
tion, a protection to the borrower, or by 
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Oil Loans 


having the oil depleted out from under 
the loan, a protection to the bank. 


A Sound Oil Loan 


An operator cannot drill a well until 
he has legal assurance that his lease 
block is valid. In like sense a bank can- 
not loan money without assurance that 
the collateral—in this case, the oil to be 
produced—is assured. 

In determining the merits of a request 
for an oil loan the bank’s first requisite 
is to ascertain if oil to be recovered and 
to be credited to the borrower’s interest 
is adequate to retire the desired loan. 
This necessitates a reserve estimate by a 
qualified geologist or petroleum engi- 
neer. Simple arithmetic is then used to 
compute the anticipated oil income of 
the borrower at the prevailing crude 
price. Net earnings are obtained by sub- 
tracting operating costs from gross reve- 
nue from the property involved. 

With the net earnings calculated the 
cash value of the borrower's interest in 
the reserves is determined by applying 
a 50 per cent discount. The derived 
figure is then normally subject to a 50- 
60 per cent loan, which would constitute 
about 25 to 30 per cent of anticipated 
net earnings. The only remaining limita- 
tion pivots around a reasonable payout 
period, usually from 24 to 48 months, 
depending upon rate of production, per- 
centage of earnings applied on loan, and 
the security itself. 

Oil is a depleting asset and as the 
earnings from a producing property de- 
crease proportionately as the net income 
declines, this fact must be related to the 
per cent of income applied against a 
loan, and is usually necessary in order 
to prevent the property from being de- 
pleted out from under the loan. 

These are the fundamentals of the 
type of “Secured Loan” available to 
corporations, partnerships, and individ- 
uals. The “Open Account Loan” as 
usually made to major oil firms, is simi- 
lar to the ordinary commercial type of 
loan. 





Essential Information 


Information from the borrower prior 
to presenting a proposed loan for final 
consideration should include the follow- 
ing: 

1. Financial statement or balance 
sheet and operating statement (as re- 
quired by National Bank Examiners). 

2. Credit references obtained by bank 
(from other banks or supply compa- 
nies). 

3. Corporate set up showing (a) in- 
corporated under the laws of what state, 
(b) names of officers and directors and 
amount of stock held by each and, (c) 
number of shares of stock authorized, 
issued, and outstanding. 

4. A letter of request from the bor- 
rower stipulating the amount of the 
loan and the type desired; also, who is 
to execute the note. 

5. Production and well data, lease in- 
terest, etc., on each of the properties 
contemplated to be security. Most banks 
have forms for this purpose. 

6. Expression of purpose of the loan, 
as to whether or not the proposed loan 
will be used to pay off existing indebted- 
ness, or if it is to be used for additional! 
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development or other purposes. Under 
some circumstances, indebtedness may 
be such as to prevent the bank making 
a loan in the requested amount; unless 
a subordination of a part of the indebt- 
edness is obtained from borrower's prin- 
cipal creditors or a smaller loan may be 
arranged. 

7. If additional wells are contemplated 
on properties involved, the information 
should include data on the anticipated 
cost of each well, amount of loan ex- 
pected on such wells, and expected in- 
come per well in order that the loan may 
be analyzed on the basis of present pro- 
duction and future advances for addi- 
tional wells. 

8. If any portion of the property is in- 
volved in litigation, the nature of such 
should be explained. 

9. A title opinion from a competent at- 
torney is a requisite. 


The Bank's Viewpoint 


From the viewpoint of the bank one 
of the first considerations is answered 
by the question—Will retirement of the 
loan be fully independent of the sal- 
vage value of equipment, or through 
forced sale? Further, is there sufficient 
cushion under the loan to absorb a drop 
in the price of crude oil, or other con- 
tingencies? Are there “speculative 
risks” involved that jeopardize the 
bank’s funds, which, in reality, are 
only entrusted to the bank by its deposi- 
tors? Provided these questions are satis- 
factorily resolved it is good banking to 
explain general policies. some of which 
are: 

1. No bonuses or commissions are 
charged in obtaining an oil loan; that 
the bank bears all the expenses of pre- 
paring valuation reports, drawing of 
loan papers, and of having a field repre- 
sentative check the properties and test 
the wells. 

2. That the bank will expect reim- 
bursement for out-of-pocket expenses 
such as Mortgage Tax and filing and 
recording fees. 

3. The cost of title opinion is usually 
arranged by the borrower with his at- 
torney and it is therefore a direct obliga- 
tion of the borrower. 

4. The oil loan must be predicated on 
present production only, not on unde- 
veloped acreage. 

5. Oil loans are seldom predicated on 
a one-well security as hazards incident 
to a one-well loan could cause a com- 
plete loss of such security. 

6. Although wells and well equipment 
are included under the mortgage, what- 
ever salvage value the equipment may 
have is excluded in the valuation for oil 
loan purposes. 

7. The loan should be predicated en- 
tirely on the value of the borrower's 
specific interest in future recoverable 
oil reserves expected from present pro- 
duction, not from anticipated recovery 
resulting from planned or future de- 
velopment. 


Mechanics of the Loan 
Assuming all information supports an 
oil loan the first requisite is a first mort- 
gage or deed of trust on the property 
along with an assignment of oil runs to 


the bank. Proceeds will then be applied 
in payment of the monthly installments 
and the agreed per cent of the gross in- 
come being returned to the borrower. 
Provided there will be an excess, which 
is usually the case, this is applied on the 
last maturing installments of the loan, in 
this way accelerating pay out and at 
the same time increasing the security 
value of the property through the fina! 
and most critical months of the loan 
period. The actual mechanics are ap 
parent in a hypothetical case. 

Assume that the value of borrower's 
interest in the future recoverable oil re- 
serves after allowance for operating 
costs is $100,000, which is commonly 
referred to as a net earning value or 
future realization. Discounted 50 per 
cent the cash valuue would be $50,000 
as security for a loan of $25,000. In this 
instance the loan would be 50 per cent 
of the cash value. 

Further assume that the borrower's 
income the first year amounted to $20,- 
000 and 75 per cent of this income, o1 
$15,000, was applied on the loan. This 
would leave a balance on the loan of 
$10.000 at the end of the first year. 

The security for the loan at the end 
of the first year would be the original 
$100,000 net earnings less $20,000 re- 
ceived the first year, or $80,000 at the 
end of the year. Discounted 50 per eent 
to a cash value of $40,000 as security 
for the $10,000 balance of the loan, the 
loan would then be 25 per cent of the 
cash value. 

Under the above circumstances, the 
loan at the end of the first year has 
twice the security as the original Joan, 
and sound banking principles would 
justify doubling the amount of the loan 
at the end of the year, that is, increase 
the loan from $10,000 to $20,000. The 
following schedule illustrates the com- 
parison of the facts outlined above: 

Less: End 


Change of 
Original during first 





loan year year 
Estimated net earnings over life 
of property after operating 
costs deducted............ $100,000 $20,000 $80,000 
Discounted 50% to cash value 
of the reserves............ 50,000 . 40,000 
Amount of loan............. 25,000 15,000 10,000 
Ratio of loan to discounted cash 
ac cadevsncageniereee 50°; 25% 


There is a possible limitation to this 
method, and this should be pointed out. 
Some better producing properties may 
enjoy a productive life of 50 yr or longer, 
and a loan predicated on 50 per cent of 
the cash value of such properties would 
have an amortization period of some 15 
yr. Such a period is far in excess of the 
maximum pay out period of most banks, 
usually limited to 4 or 5 yr. 

Cash Values and Reserves 

Although there are a _ variety of 
methods by which the cash value of pro- 
ducing properties may be determined, 
the only sound method must give con- 
sideration to the expected net earnings 
over the life of the property as the 
founding point. Suppose future recover- 
able oil will return a net profit of $100.- 
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00) after deduction of all operating 
costs. The cash value is then derived by 
applying 50 per cent to this figure, ar- 
riving at a cash value of $50,000 on 
which a bank will loan approximately 
$25,000. This calculation rests fully on 
the recoverable reserves, and it is there- 
fore necessary that these be estimated. 

There are three generally accepted 
methods of estimating oil reserves in 
normal reservoirs. 

|. Production Decline Curve Method 

where the lease in question has pro- 
duced its maximum production over a 
period of time. 

2. Volumetric Method—applied on 
prorated producing properties where the 
production rate is restricted to daily 
rates lower than the capacity of the 
property to produce. 

3. Material Balance Calculations 
hased on bottomhole pressure and rates 
of production. This method applies to a 
pool as a whole, not to individual prop- 
erties, 

An adequate check of oil properties 
must include the production history of 
the properties, preferably gross produc- 
tion by years since the first well and by 
months for the past year. The montlily 
production information should then be 
checked with proration schedules to 
find if the property is making its allow- 
able production, or to ascertain if the 
property has entered the declining phase 
of its life. 

A production decline curve is con- 
sidered one of the most reliable methods 
in estimating oil reserves and it is at all 
times desirable that such a curve ex- 
press not less than 12 to 18 months pro- 
duction history. One factor generally 
influencing the accuracy of such a curve 
results from the drilling of additional 
wells during the time covered, and the 
production from such wells should be 
adjusted on the graph. 

There are various types of production 
decline curves for extrapolating the 
future reserves to the economic limit of 
production—the double log curve, the 
semi log curve, rate accumulative curve, 
and the percentage decline curve, all be- 
ing based on the production history. In 
any instance it is advisable to retain one 
type of curve to express the production 
history throughout the life of the prop- 
erty. This provides for greatest ac- 
curacy. 

One of the principal advantages otf a 
decline curve is that a forecast of future 
income by months and years is ascertain- 
able. Such information serves as a guide 
in judging the income that will be avail- 
able for application on the loan, and 
that which may be earmarked on a re- 
payment schedule. 

The volumetric method of estimating 
oil reserves applies to properties where 
the sustained productive ability — is 
greater than actual daily production 
under proration. In this method a com- 
putation is made of the volume of pore 
space in the formation filled with oil. 
to determine the amount of oil in place, 
and from this the recoverable oil is cal- 
culated by applying a recovery factor. 
It is necessary to have porosity and 
permeability determinations along with 
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such other data as oil saturation, con- 
nate water, gas in solution, and accu- 
mulated past production in order to 
estimate future recoverable oil bv this 
method. 

The future monthly or yearly income 
over the economic life of a property 
under which reserves have been esti- 
mated by this method is contingent on 
allowable rates of production until such 
time as this rate is the equivalent of 
the actual ability of the property to 
produce. Following such time the nat- 
ural decline of production determines 
the amount of income available for loan 
repayment rather than the prorated 
daily production as stipulated by the 
state regulatory body. 

The third method of reserve calcula- 
tions, commonly referred to as the mate- 
rial balance method, applies to a pool 
as a whole, not to individual properties 
within a pool. It may, however, be used 
to check the relative accuracy of re- 
serves estimated under an_ individual 
lease. The principal involved in this 
method hinges upon a pressure-volume 
relationship based upon pressure de- 
cline, plotted against time in relation to 
barrels of oil withdrawn. 


Controlled Reservoirs 


A fourth method of estimating re- 
serves has been developed to apply to 
those reservoirs where pressure mainte- 
nance effectively results from a natural 
or induced water drive, through injec- 
tion of water or gas, or through a com- 
bination of these accessories. 

In the writer's opinion the controlled 
reservoir represents a notable achieve- 
ment in petroleum engineering, and one 
that may increase recoveries 100 per 
cent. The practice has, however, necessi- 
tated new approaches in estimating re- 
serves recoverable from such projects. 

In operations of this character water 
or gas is used to displace the oil with 
the water/oil contact moving up struc- 
ture when water is injected, or the gas 
cap expanding down structure under 
gas injection. Either action, controlled 
in relation to produced oil and forma- 
tion pressure, progressively reduces the 
remaining effective saturated zone of the 
pay strata. Therefore any reserve esti- 
mate in such an operation must consider 
not only normally recoverable oil, but 
that which is moved to the well bore by 
the pressure maintaining agents. Fur- 
ther, the rate of water or gas encroach- 
ment of the saturated zone must be per- 
mitted to express the economic longevity 
of the project or any uni acreage in- 
volved. 

One usually essential element of a 
pressure maintenance operation is uniti- 
zation of individual leases and other in- 
terests. In the case of Oklahoma the 
unitization law requires the consent of 
63 per cent of the operators and royalty 
owners in a given pool to invoke the 
jurisdiction and obtain the approval of 
the Corporation Commisison. In Texas, 
there is no unitization law and such unit 
operations are left largely to the discre- 
tion of the Railroad Commission for 
approval. 

The natural difheulty in unitizing is 


Oil Loans 


the factors used in devising a formula 
of participation that will be agreed to 
by the required per cent of the opera- 
tors. Political aspects ignored, the ben- 
efits derived from a properly conducted, 
controlled reservoir outweigh any in- 
equalities inherent in the agreed method 
of unitizing. 


Future Wells and Additional Loans 

In the instance where future wells are 
planned it is advisable to have a separate 
analysis covering the contemplated drill- 
ing program. The basic loan should be 
predicated only on present production, 
with additional advances made on new 
wells if and when completed. A complete 
picture of a loan schedule covering 
present production and anticipated drill- 
ing can only be obtained with two 
analyses. 

When a loan is to cover contemplated 
future development, that portion of the 
loan not secured by production already 
proved should be limited to the actual 
cost of the contemplated well or wells. 
This policy is adhered to until the pro- 
perty approaches complete develop- 
ment. 

In development campaigns there is 
always a hazard that the operator will 
drill a dry hole or complete a small pro- 
ducer and unexpectedly be confronted 
with expenses totally unanticipated. To 
alleviate the precarious position in 
which the operator might find himself, 
and the loan on preduction be placed, a 
bank may be practically forced in such 
instances to make additional advances 
in order to protect the security. The 
limitation of the amount of a loan in a 
development program to the actual wel! 
cost provides a backlog or a cushion pro- 
tecting the lean and the operator against 
such contingencies. 


Looking Ahead 

A bank must at all times be economi 
cally realistic. It is well for an operator 
to temper his future plans with realism 
—borrowing both this and money from 
the bank if need be—when he is con 
sidering a production loan. 

In this day we are participating in an 
economic trend that is definitely infla- 
tionary, and on the basis of past experi 
ence adverse economic conditions may 
be expected as the result of a reversal! 
of this trend. Banks as well as borrowers 
are subject to these changes so it is 
sound thinking to weigh each of thess 
influences before engaging in a long 
period loan that could, through chang 
ing economic circumstances, develop 
into an unsound and costly venture for 
beth the bank and the borrowe: 

. In the final analysis, and from the 
viewpoint of the bank as well as the 
borrower, the loan on production has 
proved to be a healthy transaction. The 
bank with which the writer is associated 
has never sustained a loss on a secured 
oil production loan. It can then be con 
cluded that the borrower has benefited 
to whatever extent possible when he put 
his borrowed capital to work, and we 
feel justly proud that banks have take! 
a part in the development of this great 
and ever expanding petroleum industry 

xk * * 
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Map showing Pakistan Petroleum’s activities in Pakistan. 
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Locally formed companies are risking large sums in 


exploring 


and developing oil and gas and offer is made to erect a refinery 


Tu only established producing region 
of Pakistan is in what is known at the 
Potwar Basin lying west to southwest of 
’Pindi. In this area four fields have been 
established — Khaur, Dhulian, Balkas- 
sar, and Joya Mair, with a total produc- 
tion of approximately 3500 bbl of oil. 
Of these fields all except Balkassar are 
being developed by the Attock Oil Com- 
pany. Balkassar is half owned by At- 
tock and half by Pakistan Petroleum 
Limited. The crude itself varies con- 
siderably. In the cases of Khaur and 
Dhulian it is of good green quality with 
a large proporation of light fractions, 





+Taken from a speech delivered April 23, 
before the 3rd session of Pakistan’s Industries 
Council in Karachi. 
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whereas at Balkassar and Joya Mair it 
is bituminous, especially the latter. The 
only new major find has been at Dhulian 
where Attock has found some deep oil 
of the capacity of something like 400 bbl 
per day of good quality crude. It is too 
early yet to assess the net addition to 
Pakistan’s resources but it represents a 
most important development although 
it is by no means what the industry 
would call big oil. 


Exploration 
There is progress to report in explora- 
tion. At the time of the last session only 
one major test was in progress (or had 
just been finished) and that was Lakhra 
in Sind, which was a failure. There are 
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now six major tests in operation—at 
Bains and Chak Naraung in the Pun- 
jab, at Sui in Baluchistan, and at 
Patharia and Sylhet in East Bengal, and 
Patiya near Chittagong will be ready to 
begin almost immediately. Of these 
tests Bains and Chak Naraung have 
only just begun, Sui has reached 8200 
ft without so far finding oil, and Path- 
aria has proved a great disappointment. 
producing so far only a negligible quan- 
tity of oil. Similarly, Sylhet has been un- 
productive so far. For the future it is 
only possible to say at present that if 
the Sui well is completed without find- 
ing production, Pakistan Petroleum 
hopes, with the permission of the Gov- 
ernment, to drill another well in the 


















= 





same part of the world, and indeed all 
preparations have been completed to 
that end. They are ready to go ahead at 
ence. Pakistan Petroleum, Ltd., will 
also drill another well at Patharia and 
also at Sylhet. In this connection an 
aerial magnetic survey has been carried 
out by the S.V.O.C. in East Bengal as 
the first step in surveying all the area 
covering the Brahmaputra Delta. It is 
interesting to note that all prospecting is 
now being carried out by locally incor- 
porated companies — Pakistan Petro- 
leam Limited and Pakistan Oilfields. 
Ltd.. in accordance with the provisions 
of the Pakistan Petroleum Rules. It is 
understood that an another oil company 
is also considering incorporating a com- 
pany locally. The prospectus of Pakistan 
Petroleum, Ltd., has recently been is- 
sued offering 30 per cent participation 
to Pakistan Nationals. 

Accurate forecasts for the prospects 
of finding oil are impossible as so far 
no instrument has been invented that 
can tell whether oil exists below the 
surface of the earth. Such instruments 
as there are—which measure the time 
for electric currents to pass through 
the earth measure degrees of magnetic 
attraction in the earth, etc.—all these 
can do no more than give an indication 
of the actual formation ot the earth it- 
self. They give little or no clue to its 
contents. As a rough indication it can 
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Patiya test well, above, was spudded in March 5, 1952. 


be said that about one well in 10 pro- 
duces oil, even with the best technical 
advice and after employment of all most 
modern methods. In any major sedi- 
mentary basin in which the existence of 
proved source-rocks is known _ the 
chances are in favor of finding commer- 
cial oil provided a vigorous exploration 
policy is carried out. The timing, how- 
ever, is a question of luck, and the fol- 
lowing are two examples in this connec- 
tion. Standard Oil in Canada, which has 
been the scene of much activity in re- 
cent years, drilled 114 wells and spent 
$25,000,000 before the big fields of 
Leduc and Red-Water were discovered. 
On the other hand Amerada in North 
Dakota found oil in commercial quan- 
tities in both their first two wells in the 
big Williston basin. As you can see, 
therefore, Pakistan might either be 
lucky right away or, to take the worst 
case, it might be necessary to wait 30 
years and spend about $140,000,000 be- 


fore obtaining success and even then 


there would be no guarantee. 

By standards in this part of the world 
there is certainly a vigorous exploratio: 
program in Pakistan. Again however 
this is a relative matter. In Canada there 
are 150 wells drilling, with 75 geophy 
sical crews making separate surveys 
while in West Texas alone there are 
1000 strings of tools (or actual wells 
drilling. Why is there this tremendou 
difference in the extent of effort? 

Primarily it is a matter of cost. In the 
USA a well costs anything from $100,00' 
to $200,000 whereas in Pakistan it ma 
cost anything from $1,400,000 to $2,800 
000, or 15 times what it costs in America 
The reasons are of course that all equiy 
ment has to be shipped overseas to thi: 
country and all technical facilities hay 
to be provided, often in the most out 
landish areas. In America these thing 
are available at the end of a telephone 
line. Furthermore, in America ther¢ 
an enormous ready available mark: 
while there are also tax concessions 
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W ren WEARING RINGS REQUIRE REPLACEMENT, You'll get them just as fast as they can possibly be 
you generally need them in a hurry. That’s why delivered. 
it will pay you to call COOK whenever the occa- 
sion arises. Our warehouses are located at 
strategic points throughout the country and are 
stocked and ready to give your orders fast, 
efficient attention. Emergency shipments Bronze, 
Cook Graphitic lron, Babbitt or Cookroc (bakelite) re 


rings can usually be made within a few hours’ 
time. So, don’t take chances with substitutes... 
always insist on genuine COOK packing parts. 
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C. Lee Cook Mfg. Co., Incorporated, Louisville, Ky. 
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land, Houston, Los Angeles, Mobile, New Orleans, 
New York, San Francisco and Tulsa. 
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Aerial view of Sui test in Baluchistan when depth was 12,552 ft with no sign of oil. 


particular, they enjoy a 271% per cent 
depletion allowance, which permits the 
first 2714 per cent oil found to be pro- 
duced free of any taxation whatsoever 





Colombia Test Spudded In 


The latest exploratory test in 
Colombia has been spudded in by 
Texas Petroleum Company (Colum- 
bian division). Test is the Tasajero 
No. 1 wildcat situated near the 
Barco concession, Cucuta area, in 
the eastern area of the country. 

The company has been prepar- 
ing for testing of the area since last 
fall, when they began moving 
equipment in through Maracaibo in 
Venezuela. Two decree laws in 
1950 removed the area from the 
national reserves and opened it up 
to exploration, following which the 
concession was granted. 
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as oil in that country is regarded as a 
wasting capital asset. If, therefore, the 
Pakistan Government wishes to encour- 
age vigorous exploration in this country 
it would have to consider ways and 
means of making it more attractive for 
the oil explorer. In particular it will 
need to avoid such serious errors as the 
imposition of a sales tax on the import 
of capital machinery (now happily re- 
moved) and also perhaps consider a 
concession similar to the depreciation 
allowance mentioned. This might not re- 
sult in a great deal more in the way of 
exploration being done, but it would cer- 
tainly give much needed assistance to 
an industry at present involved in lay- 
ing out very large sums of money with- 
out any certain return. 


Refinery 
The BOC has offered to erect a re- 
finery of approximately 3.500.000 bbl in 
Karachi in response to overtures from 


= 


the Pakistan Government. A Technik 
Commission to review the matter from 
technical point of view met in Karach 
recently and Government officers wer 
associated with them in their examina 
tion of the position. The Government « 
Pakistan will make a decision in th 
near future. In general this agreement 
by the BOC in accordance with the cd: 
sires of Government is believed to be 
clear indication of faith in the long ter 
prospects of Pakistan despite discouras 
ing developments elsewhere and so fa 
as the BOC is concerned continues the 
policy of close cooperation with t! 
Government of Pakistan*. 


Conclusion 


The author would like to expres 
gratitude to the Government for its 
operation and understanding of 
problems during the period just 
viewed. kk & 

*According to Max W. Ball, oil and 
sultant, Washington, D. C., the Governme! 
Pakistan is one of the few in the wo 


has never broken a contract with 
company. 
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That’s right. It is. 

It’s one of two 3000 hp, 1780 rpm E-M Squirrel-Cage 
Induction Motors driving large centrifugal pumps at the 
Norman, Oklahoma pumping station of the Basin pipe line 
system, owned and operated on an undivided interest basis 
by The Texas Pipe Line Company, Shell Pipe Line Corpora- 
tion, Sinclair Pipe Line Company and Cities Service Pipe 
Line Company. There are six similar motors and pumps at 
three other booster stations on this pumping system. 

These large motor ratings are part of a major advance in 
practical size of oil pipe line equipment. 

The motors were specified to start across-the-line without 
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a large voltage drop. E-M engineers, using a special design § 
for the winding, slots, length of magnetic core and various 
other factors, were able to make the starting current low 
enough ... still furnishing sufficient torque to accelerate 
motor and pump to full load speed with open discharge. 

Also extremely important was around-the-clock reliability. 
These large motors have many special engineering features 
designed to fit demands of 24-hr. pumping station operation. 

The entire design story behind these big motors is quite 
fascinating. Write for E-M Synchronizer No. 34 which tells 
it in detail. And remember to consult E-M when you can 
use these specialized design abilities. 
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Third in a Series on a 
Clean Engine Program 





Down and overhaul time is much 
less on an engine being worked on in 
a shop. This diesel engine is being 
backed into a service shop for a planned 
overhaul, one of the requisites for 
preventive maintenance. 
























I; is the object of every oil field opera- 
tor to run his equipment at the lowest 
possible cost. Low operating costs go 
hand in hand with periodic preventive 
maintenance operations on engines and 
equipment. Our organization feels that 
all maintenance on engines and equip- 
ment is preventive maintenance, with 
planned downtime on the engine pre- 


Preventive Maintenance Cuts Operating Costs 


Education, supervision, analysis of use in relation to working 


conditions are necessary for efficient clean engine program 


J. E. EVERROAD 





The Author 


J. E. Everroad, president of Cummins 
Sales and Service, Inc., is well known 
throughout the 

oil industry, hav- 
ing been in the 
oil fields of the 
Southwest since 
1936. He has 





progressive maintenance operations 
needed to obtain maximum periods of 
troublefree service from the engine 


and the equipment in which it is 
mounted—at the lowest possible cost. 
Such a program cannot be complete 
and adequate unless it covers every op- 
eration needed to prevent possible break 
down or failure of the unit on the job 


venting costly emergency down-time. been instru- Breakdowns and emergency repairs are 
Many times preventive maintenance is a ss = always much more expensive than sched 
: i up-to- . a. 9e 7 
something that operators only talk ae ama uled repair or rebuilding operations- 


about. Preventive maintenance on a rig 
operating continuously 24 hours each 
day is sometimes haphazard and dif- 


ficult. 


type, unit re- 
built diesel re- 
pair methods for 
the oil industry, diesel trucks, cotton 





in both time and material. Down and 
overhaul time is much less on an en 
gine being worked on in a shop than one 


esign lity Pcie. ; : down in the field. . 
rious In such a case preventive maintenance Se CEs Pe Soe A good maintenance program is one 
| “ . construction, and dirt moving equip- . hp be 
becomes a part of the education of the . - that keeps the engine in first class me 
t low S62 teed tn te re ment. The dual NH Cummins engines diti Pigiesne 
neal rig or field hand. He has to understand and Cummins engines with overhead chanical condition and anticipates en 
' and believe in complete and adequate radiators are his latest adaptations for gine part failures before they occur. If a 
B : § preventive maintenance operation for the oil industry. part is allowed to fail, it is very likely 
ility. the engines under his care. With engines Before moving to the Southwest, Ever- that the failure will result in damage t 
tures operating constantly, one missed main- road was connected with Cummins En- other related engine parts. 
tion tenance operation on each shift can add ee Vargas & Uy Sees Saw oF The maintenance program must bh 
: up t soih a tous af Columbus, Indiana, where he worked as shill thi uaa Slee hall 
quite ip to a possible terrific oss ot engine field service representative and on the pe r10 1c wit in cettain defined rigid 
tells time due to emergency repairs, and an test block. He attended high school in limits, or it will become a haphazard 
| obvious loss of profit hours for both en- Columbus and Franklin College in Frank- procedure and fail in its purpose. It 
can ; 











gines and equipment. 

So preventive maintenance requires 
education. It also requires supervision, 
to assure that the education is complete. 
Preventive maintenance requires analy- 
sis, or a study of the operation in rela- 
tion to working conditions and wear and 
tear on engines and equipment. It 
amounts to “keeping books” on the en- 
zines and equipment to see that preven- 
tive maintenance operations are per- 


lin, Indiana, where he was a three year 
letterman in football, basketball, and 
baseball. 
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formed at the best possible timed inter- 
vals. 

A complete and adequate preventive 
maintenance program for engines and 
equipment must include all periodic and 


EXCLUSIVE 


must be progressive because, fortun- 
ately, the engine and equipment wil! not 
require that all service operations be 
performed at any one time. 

A periodic maintenance  schedul 
would consist of progressive sets of op 
erations, ranging from a daily main 
tenance operation through the complet: 
operating cycle and general engine ove! 
haul. 

Work is measured in engine hou 
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2000 GALLONS CONSUMED- Engine valves and injectors checked. 





“4000 GALLONS CONSUMED: Radiator is drained and —— 
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32,000 GALLONS CONSUMED: Rebuilt engine is installed in equipment a 





Maintenance service periods on the diesel engine are shown here. Each of 


the ‘‘gallons consumed”’ 
maintenance operations on the diesel. 


and is obtainable from the fuel that is 
burned. Our maintenance schedules have 
been established on the basis of gallons 
of fuel consumed. It is a simple matter 
to convert fuel operation gallons into 
profitable hours of engine life. Just de- 
termine the number of gallons of fuel 
used each hour by the engine and equip- 


ment. For instance, if the engine burns 
5 gal of fuel each hour, maintenance 


performance operations would be 100 hr 
of operation for each 500 gal of fuel 
consumed. 

For example. it is suggested that user 
perform the following checks on their 
engines every day: 


1. Check lubricating oil level and 
add oil, of same brand and weight. 
as needed. 

2. Remove dirt 
if used. 


7 


from air pre-cleaner. 


3. Clean air cleaners. more often 
when operating under extremely 


dirty conditions. 

1. Add oil to air cleaners. 

5. Fill fuel tanks. 

6. Add engine coolant. if needed. 
from prepared mixture of 96 per 
cent water and 4 per cent soluble 
oil. 

7. Determine and correct causes of 
reported: Low lubricating oil pres- 
sure: low fuel pressure; abnor- 
mal water or oil temperature; un- 
usual engine noise, and poor com- 
bustion, if evidenced by excessive 
smoke. 

8. Visual check all fuel and lubricat- 
ing oil connections for leaks. Cor- 
rect as needed. 


Progressive engine checks are made 
as gallons of fuel consumed climbs. We 
recommend that lubricating oil should 
be changed every 500 gal of fuel con- 
sumed when engine is using 5 gal each 
hour. At 1000 gal the oil filter element 
is changed. Valves and injectors on en- 
gines are checked at each 2000 gal of 


fuel consumed. Radiators on engines are 
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service periods is illustrated by the little men performing 


drained and flushed and crankshaft end 
clearance is checked every 4000 gal con- 
sumed. The engine 


is given a ring job 


and pistons and liners inspected and re- 
placed if necessary at 16,000 gal con- 
sumed. And at 32,000 gal of fuel con- 
sumed, the engine replaced with a re- 
built engine. 

All down-time on the engine is plan- 
ned. Even if the unit must be pulled out 
of service for every maintenance opera- 
tion, these operations require less than 
five per cent of the operating time. If 
preventive maintenance is not practiced, 
the emergency repairs and down-time, 
with old wornout units, may reach a 


staggering 25 to 30 per cent of the total 


time. The difference between 5 per cent 
planned down-time and 25 per cent 
emergency down-time represents a sav- 
ing that no operator can afford to ignore. 

No matter how well an engine may be 
designed, there are only so many profit- 


able operating hours built into it. 
Through the use of preventive main- 


tenance, all of the profit hours can be 
put in dollars and cents. Shut-down time 
will be reduced, labor costs will be re- 
duced, bringing more dollars to the op- 
eration. Service life of the engine and 
equipment receiving 


preventive main- 
tenance will be increased to a gratifying 
degree. kx 





Method of Reducing Conveyor Belt Wear 


The gadget shown in the accom- 
panying illustration is installed on the 
frame of conveyor belt assemblies to 
reduce the wear on the belts, espe- 






































cially where packages come onto one 
belt from a ‘feeder’ or side belt. The 
protector is made by mounting two 
rollers on a shaft, vertically. The 
shaft is supported by heavy strap as 
shown, with an angle of strap welded 
at the top of the roller support U, 
which is large enough in dimensions 
to fit over and around the conveyor 


frame angle iron, shown by dotted 
lines in the smaller drawing. Holes 


BELT 


LILI Ut tt tt i tt tt i: 


{ 
1 


are drilled through this retainer strap 
and the roller support strap as shown, 
so that a retaining pin may be passed 
through the holes. 


; 











—s 





Referring to the larger drawing, the 
roller protector is placed approxi- 
mately opposite the point where the 
side cenveyor joins the main con- 
veyor, the pin is passed through the 
holes in the framework. As containers 
pass from one belt to the other, the 
receiving belt is held by the rollers 
from rubbing against the rigid and 
stationary side of the conveyor frame, 
reducing helt wear greatly.—J.O.R. 
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con- 
con- riGHT: Macco pipeline maintenance man replaces a faulty 


BELOW: Macco Panpacific, Inc. built 
a re- gas meter in suburban Los Angeles. y / 


pumping station at Catia de la Mar, Vene- 
zuela, the oceanside terminal of the famed 
“Steep-Inch” pipeline. This pipeline, (also 
constructed by Macco) originates at Catia 
de la Mar, traverses precipitous mountain 
terrain from the harbor to the Nueva 
Caracas terminal, 3500 feet above sea 
level. Recently completed, the project cost 
approximately $6 million. 
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GRACE SMITH 


The Texas Company 


| N 1916 a pretty, 18-year-old miss with 
green eyes and golden hair and Irish 
charm reluctantly took on a temporary 
job for three weeks as secretary to the 
division sales manager of The Texas 
Company in Oklahoma City. Thirty-six 
years and 10 division managers later. 
Grace Smith is still at Texaco, with the 
same lively enthusiasm she had when 
she began, but many times as compe- 
tent. She seldom calls Texaco “our com- 
pany;” she usually says “my company.” 

Born at Kingfisher, Oklahoma, Grace 
graduated from high school there and 
later finished Wichita (Kansas) Busi- 
ness College. She had returned home 
and was having a wonderful social time 
as one of the five Smith sisters when 
she was persuaded by the manager of 
a flour mill in Kingfisher to take a job 
as secretary. 

One of the high spots of Grace’s busi- 
ness life occurred here. With her usual 
energy she found her duties were not 
enough to keep her busy so she learned 
bookkeeping, weighed the wagon loads 
of wheat and paid for them, made her- 
self useful in every way she could. When 
the company paid out $50,000 in one 
check it was signed by Secretary Grace 
Smith, a big thrill for almost any one 
and certainly a momentous occasion for 
an 18-year-old. 
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When her parents moved to Okla- 
oma City, Grace did not remain long be- 
hind. But she hadn’t even had a chance 
to spend the money she had saved on 
her first job when she took the tempo- 
rary job at Texaco, replacing the first 
woman who worked for The Texas Com- 
pany in Oklahoma City. She worked in 
Oklahoma City until the division sales 
offices were moved to Dallas in 1930 and 
Grace came along. 

It wasn’t until the Dallas Desk and 
Derrick chapter was organized in 195] 
that those outside Texaco found out 
what a dynamo Grace Smith is. She was 
unanimous choice for president and she 
skillfully supervised the organization pe- 
riod and poured out enough vim and 
vigor to give the local chapter a bang- 
up start. 

The Dallas chapter is one of 37 in 
the United States and Canada. Desk 
and Derrick national has some 4000 
members and, young though it is, is 
growing so fast these figures will be 
out of date before they are published. 

Grace herself is typical of the eager- 
ness of women in the oil industry to 
learn more about it. Her experience has 
been in one department. She attends 
lectures and goes on field trips spon- 
sored for Desk and Derrick with an 
earnestness and enthusiasm that shows 


why she has an important responsibility 
in her company and why Dallas oil 
women chose her to head their organi- 
zation. 

Grace is close to her retirement and 
when she leaves Texaco she will go back 
to Oklahoma City and live in the home 
her parents left the five girls. All five 
of the Smith sisters will be in Oklahoma 
City then. Three married and two re- 
mained single. Grace isn’t the only long 
career woman in her family. One sister, 
Mrs. G. R. Brown was a buyer for Kerr 
Dry Goods Company when she left after 
30 years and Miss Maude Smith, secre- 
tary of the State Board of Agriculture, 
had been with the board 38 years, upon 
retirement. 

The oil industry is usually viewed as 
a purely masculine domain but it has 
long been bolstered by a feminine con- 
tingent that now reaches into all 
branches. Grace Smith is one reason 
there is a trend toward giving woman a 
greater part in the industry. Every 
woman who works for an oil company 
has a legacy left by Grace Smith and 
others like her, who demonstrated that 
women could competently fill executive 
posts as well as do office routine. Be- 
cause of Grace Smith, women teday 
have greater opportunity to rise in the 
oil. industry. xe 
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West Texas Today 





This issue contains several articles on opera- 
tions in West Texas, and it is appropriate to sum- 
marize editorially this important oil area. 


West Texas still continues to expand, and 
drilling is more active than ever. The proved 
hydrocarbon reserves are in the order of 5 billion 
barrels, which represents approximately 38 per 
cent of the state of Texas, or almost 20 per cent 
of the USA, or 5 per cent of the world hydro- 
carbon reserves. 

Last year, almost 150 new field discoveries 
were recorded with the ratio of 8 oil fields to 
each gas field. The trend is toward deeper pro- 
ducing horizons and this was reflected by the fact 
that in 1951, new producing wells suddenly in- 
creased by a rate of 2:1 in favor of greater than 
10,000 ft Pennsylvanian as opposed to less than 
10,000 ft Permian. 

Lying within the West Texas oil belt at a depth 
of 7000 ft is the fabulous, unpredictable, in- 
determinable, and sensational one million acre 
Spraberry formation. 

The Spraberry—commonly designated sand- 
stone, but in actual fact is composed of shale, 
siltstone, limestone, and sandstone, was initially 
produced some 3 years ago. Since then, one of 
the greatest oil guesses ever has materialized. 


Will the Spraberry be an economic producer? 


This is a serious question, and the riddle is not 
yet solved. Experimentation in drilling and pro- 
ducing technique continues with every known 
device being utilized to make an economical suc- 
cess of producing the Spraberry. Opinions are 
varied on every point; an important one for 
example, is that the reservoir can only be oper- 
ated by major oil companies because small inde- 
pendents cannot survive the prolonged and ques- 
tionable pay out period. 

Whatever the arguments may be, or whatever 
the outcome, this much is known: That commer- 
cial production can only be obtained from the 
Spraberry when the natural vertical fractures are 
in communication with the well bore. Failure to 
locate these fractures means, in effect, that a dry 
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hole has been drilled. To sustain production the 
latest development is the attempt to drill direc- 
tionally, with the object of maximum penetration 
of the characteristic Spraberry fractures. 

Some interesting generalized reservoir data of 
the Spraberry are: Average porosity 6-18 per 
cent, permeability range .002-2.5 md, connate 
water 24-45 per cent, residual oil 15-25 per cent, 
average original BHP 2300 psi, formation vol- 
ume factor 1.4, average gravity 36.5, and the 
crude is undersaturated. The total thickness of 
the formation averages 1000 ft. The upper por- 
tion of the zone is characterized by a 10 per cent 
porosity, 0.4 md permeability, and 40 per cent 
interstitial water. 

The previous contention that drilling with mud 
is injurious to the Spraberry has now been 
reversed, and perforated casing is being set 
through the entire formation. A Spraberry well 
costs approximately $90,000, exclusive of flow 
lines and tank batteries. 


All the various techniques have not been truly 
evaluated to date, and in a word, everything per- 
taining to the Spraberry is in a state of flux. 

The Spraberry is in the melting pot, and the 
fire is fueled by 1000 wells that have already 
produced 10,000,000 bbl of oil. Additional 
material will no doubt be forthcoming from the 
present operations of the 200 rigs now actively 
engaged on the so called “Spraberry Trend.” 

West Texas presents two drilling problems. 
one is the crooked hole, and the other is the diffi- 
culty of penetrating the hard chert formation. 
\dvancements have been made in overcoming 
these troubles. 

Exploratory work in West Texas is substantia! 
with all the signs of good hydrocarbon discov- 
eries. A vast development program is being car- 
ried out in the area. In addition, production by 
secondary recovery methods in many fields, ex- 
cluding the Spraberry, may eventually surpass 
that of the primary. By these tokens, one can say. 
today West Texas has unlimited oi] possibilities. 


—J.M. 
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Designated by an engineer-author as the 
“Universal Type,” this packer not only 
takes care of the “every day” routine in- 
stallations, but is adaptable to many 
applications previously considered either 
difficult or impossible. 

The ability of this “Universal Type” 
Packer to cover such a wide range of appli- 
cations is due fundamentally to the 
construction of the Packer itself. A Hycar 
packing element, retained by lead seals, is 
mounted between two sets of opposing slips 
so that the Packer virtually becomes a part 
of the casing; cannot be moved up or down 
the hole; and prevents fluid or gas from 
passing in either direction between the 
packing element and the casing. After the 
Packer has been set and the Setting Tool 
has been removed from the hole, only the 
smooth bore Packer (at right) is left in the 
well, securely packed-off, and ready for 
use of the proper Baker Packer Accessory 
Equipment to meet your specific well 
requirements. 


Meets Varied Production 
Requirements 


The Baker Model “D” Retainer Produc- 
tion Packer, with easily operated accessory 
equipment, has gained wide popularity be- 
cause of its effective application to many 
needs in producing wells. It can be set and 
used for making a flow test, utilizing the 
Packer for production through the tubing 
if the zone proves productive. If not pro- 
ductive, the zone can be squeeze cemented 
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times. For three-zone production only two 
packers are used. 

The Baker Retainer Production Packer 
is used for single-zone production to pre- 




































vent gas from cutting holes in the casing 
(often started by thread leaks) by trans- 
ferring the pressure from the casing to the 
tubing. If and when the tubing leaks, it can 
be pulled, repaired and replaced through 
the Packer. The Packer will protect the 
casing when corrosive fluid is being pro- 
duced or injected, by permitting the annu- 
lus to be filled with oil and confining the 
corrosive action to the tubing only. 


No Interference with Operations 


While the Baker Retainer Production 
Packer virtually becomes a part of the cas- 
ing and will not move up or down regardless 
of pressure from either direction, it still 
permits maximum flexibility of operations. 
When it becomes necessary to remove the 
tubing, the Flapper Valve in the lower end 
of the Packer closes to isolate the formation 
below, and later the tubing is readily re- 
placed without disturbing the Packer. It is 
never necessary to pull rods or tubing under 
pressure. 


Many Important Advantages 


Let us consider the major advantages 
which make the Baker Model “B” Retainer 
Production Packer so economical, so easy 
and safe to run and operate .. . IT HOLDS 
BOTH WAYS — The Packer is anchored 


through the Packer. A single Packer pro- 
vides for production of two zones, either 
simultaneously with segregated production 
or from each zone separately at different 


Baker Model ‘’D” Retainer 
Production Packer shown ready to 


against either upward or downward move- 
ment by two full sets of opposing slips. This 
run in the well, but prior to : sf : ‘ ‘ : 
: s feature is always desirable, and is vital in 
introduction of Setting Tool / 


shown in Figure 1. gas-injection or water-injection wells where 
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Drilling Breedlove No. 3 to a projected depth of over 12,000 ft. Terrain is sandy, and the field is an isolated producer. 


Dolomite Field Produces From 12,000 Ft 


Detailed reflection seismic surveys reveal deep producing area 


Tue PRESENCE of oil in the Devonian 
dolomite by the drilling of the Breed- 
love well No. 1 resulted in the discovery 
of an isolated deep producing area in 
Martin County. West Texas (see Fig. 1). 
The field is situated 20 miles southwest 
of the town of Lamesa. 

Pan American is the field operator 
and has a half interest, the Forest Devel- 
opment Company has a quarter interest. 
and the Houston Oil Company and W. E. 
Parry, et al, have a quarter share. The 
discovery was spudded December 3. 
1950, and completed July 19, 1951. 


Exploration and Geology 
The entire Breedlove area was sub- 
jected to detailed reflection seismic sur- 
veys and the original location was made 
on the strength of this work. At the pres- 
ent time, due to so little subsurface con- 
*Editor, Drilling and Producing 
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trol, a structural theory is not feasible. 
It can be stated. however. that the De- 
vonian porosity, or the lack of porosity, 
may possibly be the most important fac- 
tor in deciding future field development. 

The stratigraphy of the area makes 
the following pattern. The Triassic is 
composed of 1500 ft of red shales and 
sandstones, and the Permian, Ochoa, and 
Guadalupe series, is represented by 2500 
ft of sandstones, anhydrites, and some 
dolomites. Other Permian sections are 
the 1800-ft thick Leonard series, which 
is mainly dolomite and sandstones, and 
the Clear Fork group of 2000-ft thick 
limestones and shales. The last of the 
Permian is the Lower Leonard and Wolf- 
camp series. This group is largely lime- 
stones; the Upper Spraberry Zone is 
sandstone with a lower section some 1500 


EXCLUSIVE 


ft thick of limestones and sandstones. 

The Pennsylvanian has a 1600 to 1700 
ft thick section of limestones and shales, 
and the Mississippian contains 800 ft of 
cherty limestones with some shales. The 
200 to 300-ft thick Devonian from which 
the present production is obtained, is 
composed of limestones and dolomites 
The Silurian is contained in about the 
same thickness as the Devonian and is 
primarily dolomitic. 

The last geological group is the Ordo 
vician, where the Montoya, Simpson 
and Ellenburger formations were ex 
posed by the drilling bit. The total thick 
ness of the Ordovician is not known as 
drilling operations have penetrated only 
500 ft of the Ellenburger. Some 700 ft 
of Ordovician dolomite has already been 
found in the Stanolind Mabee Well No 
1, which is situated three miles to the 
northwest of Breedlove discovery wel! 
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Drilling Procedure Discovery Well 


In addition to the fact that the pay 
zone is the first Devonian production 
from the northern part of the Midland 
Basin, the field itself is situated in a 
desolate spot. It is a dry and sandy area 
and fresh water is difficult to obtain and 
so the drilling supply is met by an 80-ft 
salt water well. In the discovery well 
133-in. surface casing was set at 324 ft, 
and an intermediate string of 95-in. 
was cemented at 4589 ft. A salt water 
clay base mud of 9 lb per gal was carried 
down to this 954-in. casing depth. In 


Pipe and casing rack layout for Breedlove No. 3 is sectionalized. 


order to obtain better well bore condi- 
tions it was decided to drill ahead with 
a lime base mud and this was used down 
to 9000 ft with an average weight of 
9 lb per gal. 


At this stage the well commenced 
“kicking” due to an oil/gas zone having 
been penetrated. The mud weight was 
increased to 9.4 lb per gallon and it 
was then possible to make hole. This 
localized zone is a limestone and when 
formation-tested later it had a flowing 
BHP of 45 to 110 psi, and a closed in 
BHP of 2300 psi in 15 min. The 9000-ft 


A 1000-1200 hp rotary rig fueled by butane gas is employed for drilling the 
third well. Standing by is C. C. Simpson, driller. 








Deep West Texas Field 


The first Breedlove location was 

staked on the basis of supporting 
‘ data resulting from detailed reflec- 
tion seismic surveys. 

Pan American is the operator in 
the Breedlove, a solitary oil field 
producing from the Devonian in 
Martin County, West Texas. Before 
production was obtained from a 
depth of 12,000 ft in a dolomite 
pay, considerable trouble was ex- 
perienced in the drilling operations. 
At 9000 ft a gas/oil “kicking” zone 
was penetrated and a blow-out pos- 
sibility was ever prevalent. 

At 11,160 ft actual drilling was 
practically suspended due to a hard 
chert formation. By employing dia- 
mond coring, advancement was 
made through this 600 ft thick chert, 
and the well reached a total depth 
of 13,049 ft. A development pro- 
gram is now under way. 
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zone had the peculiarity of slowly build- 
ing up pressure and would eventually 
“kick,” which caused the mud to become 
both oil and gas cut. The “kicking” com- 
monly occurred on breaking circulation 
after a round trip had been made. Al- 
though the zone was a constant source 
for worry and the possibility of a blow- 
out received constant consideration, 
there was at least one advantage in its 
presence because oil was continu 
added to the drilling mud. Thus a 16 
per cent oil emulsion mud was obtained 
and proved to be a satisfactory drilling 
fluid in many respects. But as the depth 
increased the “kicking” became propor- 
tionately more intense. At 10,687 ft cir- 
culation was partially lost but was re- 
gained without undue trouble by the 
addition of gel flakes to the mud system. 
The mud weight was now increased to 
10.4 lb per gal but the well still con- 
tinued to “kick” at frequent intervals. 

On reaching a depth of 11,111 ft suf- 
ficiently serious mud trouble developed 
due to the excessive gas and oil intru- 
sion from the 9000-ft zone to require the 
setting of 7-in. protection casing at 
11,111 ft. 

Having overcome one difficulty an- 
other was soon to follow. After drilling 
an additional 49 ft, a total depth of 11,- 
160 ft, a hard chert formation was en- 
countered in which rock bit drilling 
progress was discouragingly slow and 
for the next 78 ft, that is from 11,160 to 
11,238 ft, a bit had to be changed after 
drilling only 3 to 11 ft. At 11,238 ft 
drilling progress was almost at a stand- 
still and Pan American was confronted 
with the problem of how to drill ahead 
in the most economical manner. A sat- 
isfactory answer was found in diamond 
coring in full-sized hole. As core infor- 
mation is usually sought in wildcat wells 
a two-fold advantage was gained by em- 
ploying a special 64-in. core bit and a 
50-ft barrel*. Good recovery cores were 


 *Diamond Oilwell Drilling Company. 
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FIG. 1. Breedlove is deep, solitary field in northwest corner 
of Martin County, West Texas. 
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Tank battery station, Breedlove field. 
Current production from the 2 producers 
is 660 bbl a day (state allowable). 





Horizontal separator in Breedlove 
tank battery station. Two wells are producing 
and two wells are being drilled. 
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obtained and an average of 30 ft was 
cored per day in the 600-ft thick chert 
formation. 

The total depth of the Breedlove No. | 
is 13,049 ft in barren Ellenburger, from 
which the well was plugged back to 12.,- 
150 ft. A 5-in. liner was set at 12,148 fi 
with the top of the liner at 11,041 
which is 70 ft above the shoe of the 7-in 
casing. 


Production Characteristics 

The 5-in. liner was jet perforated {1 
12,078 to 12,118 ft, with 4 holes per fo 
and a 600-gal acid treatment initiate: 
production from the dolomite zone. Th 
electric log of Breedlove No. | (Fig 
shows that the upper 40 ft of the Ds 
vonian porosity was perforated for p: 
duction. It will be observed that th: 
producing section was chosen high in tl: 
“broken permeability portion,’ wherea 
the majority of the “fair permeability 
has been cemented off. The primary rea 
son for sealing off the section was its 
proximity to the oil/water contact, and 
as this well was to be the initial producer 
the future behavior of the reservoir was. 
of course, indeterminable. 

On a 6-hr test the well flowed at the 
rate of 2341 bbl per day through a °4-in. 
choke. The well has an allowable of 330 
bbl per day, in accordance with state 
regulations, and the GOR is a low 22:1. 
A 7-in. packer is set at 10,975 ft and 
the tubing is hung at 12,099 ft, the bot- 
tom joint is bull plugged and perfo- 
rated. The original BHP was 5570 psi 
and the oil/water contact is at 12,172 ft. 

At the moment the production from 
the two wells, which have not as yet 
yielded any water, goes to the nearby 
tank battery through a horizontal sep- 
arator. Trucks transport the oil to the 
nearest pipe line, which is 40 miles away. 


Field Development 


A second well was brought in as an 
oil producer on January 10, 1952. This 
well also has an allowable of 330 bb! per 
day with a GOR of 22:1. Profiting by 
experience gained in drilling the first 
well a protective casing string was not 
found necessary for No. 2, and instead 
the casing program was 13%%-in. at 330 
ft, 95g-in. at 4483 ft, and 514-in. at 
12.110 ft. To investigate the producing 








R. E. Larrison, production foreman, beside 


Breedlove discovery well. 


Breedlove field cores: Left, cherty limestone with some 


WBRISCOE CSc 
| FD.BREEDLOVE ot at WELLIC] 


id 


shale taken at 11,500 ft; center, Fusselman (Silurian) dolomite 
which has vugular porosity with calcite filling, taken 
at 12,238 ft; right, Devonian dolomite from top of pay at 


12,078 ft. Note the vug in center of core. 


Dark appearance is due to oil staining. 


characteristics, under varying conditions, 
the second well was completed in open 
hole, and has a total depth of 12,135 ft. 

With only two wells completed to 
date, on staggered 80-acre spacing, any 
estimate of the ultimate size of the pro- 
ducing area would be pure speculation. 
The discovery well was located on the 
crest of a quite prominent seismic struc- 
ture, but there are some who believe the 
accumulation may prove to be partially 
controlled by variations in porosity of 
the reservoir. The only commercial pro- 
duction has been from the first Devonian 
porosity, which has an average porosity 
of 8 per cent, 80 md permeability, and 
some 90 ft of effective porosity above the 
oil/water contact. At this early stage it 
is difficult to define the mechanics of 
production. A gas cap apparently does 
not exist, and presumably the oil is pro- 
pelled by its own solution gas, and 
further studies will be necessary to 
determine whether a water drive is ac- 
tive or not. 

The Spraberry sand occurs in the field 
at 8050 ft and may prove productive with 
future development. As previously men- 
tioned, the “kicking” limestone occurs 
at approximately 9000 ft, and gas and 
oil are present here, but the economic 
value is dubious. Overlying the dolomite 
is a tight non-productive 150-ft thick 
limestone, the top of which is at approxi- 
mately 11,950 ft. Underlying the dolo- 
mite are the Fusselman and Montoya 
dolomitic sections, and below these is 
the broken Simpson formation, which is 
composed of shale, dolomite, and lime- 
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stone. At the bottom, the well pene- 
trated 330 ft of Ellenburger and was 
still in the formation at total dep:i. All 
these underlying formatic 1s were proved 
non-productive in the dis: overy well be- 
cause of the presence of water. TI ¢ '“us- 
selman, however, produced 3506 ft of oil 
with 5500 ft of sulfur water when for- 
mation-tested. 

Two additional wells. Nos. 3 and 4, 
are now being drilled by contract. No. 3, 
being drilled by the Parker Drilling 
Company, is a NE diagonal offset well 
to No. 2, and No. 4 is similarly SW of 
No. 1. The distance between each well 
is approximately 1870 ft. Zephyr Drill- 
ing Corporation of Midland, Texas, is 
drilling No. 3 with a 1000 to 1200 hp* 
rotary rig, fueled by butane gas, at a 
present depth of over 10,000 ft; 133-in. 
surface casing is at 340 ft and the 95,-in. 
at 4480 ft. Sixty-five feet of hole is 
drilled each day with a 9.6-lb per gal 
lime base mud being circulated with an 
oil cement of some 6 per cent, and an av- 
erage viscosity of 40 sec. API (Marsh). 
An 834-in. roller bit is employed and the 
last recorded deviation was 1 deg. The 
maximum deviation was 114 deg, and 
this straight hole drilling is attributed 
to the policy of alternating at frequent 
intervals the type of bit, for example a 
tri-cone is replaced by a 4-cone. 

The Breedlove field is being developed 
at present on an 80-acre well spacing 
program, and, as always, the drill will 
prove the final reservoir pattern of this 
interesting West Texas discovery. * * 

*950 Bethlehem, designed to drill 15,000 ft. 


Breedlove No. 3 hydraulic control equipment of blow-out 
preventer is some 30 yards from well. A “kicking” 
zone occurs at approximately 900 ft and every precaution 

is taken to master this zone should it become a source of trouble. 
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FIG. 2. Electric log of Breedlove No. 1. 
Note ‘‘dry’’ limestone section 
overlying productive dolomite. 

















Engine gas line is shown in foreground. 
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Gas lift in the Spraberry field appears 
to be an economical and efficient meth- 
od of artificial lift. 

Installations costs have been esti- 
mated for various sizes of leases and are 
tabulated below. These costs will vary 
somewhat depending upon the location 
of the wells and tank batteries, and the 

| choice of compressor sizes or combina- 
tions of compressor sizes. In any case, 

j however, the cost estimates are believed 
to be reasonably accurate. 


Per Well Installation Cost 











Number Equipment _ Total 
wells on and labor (jDehydratorj cost per 
lease costs cost per well 

| oe $8,814 $300 $9,614 
SE 7,681 400 8,081 
__ eee 7,705 266 7,971 
ee 7,360 200 7,560 











Operating costs, although highly 
speculative are thought to be reasonable 
in this type of reservoir and under the 
conditions encountered in the Spra- 
berry field. It should be possible to de- 
plete wells economically in the Spra- 
berry field, using gas lift as a means of 
artificial lift to the point where the aver- 
age production per well on a lease is 
no more than two barrels of oil daily. 

Operating problems using gas lift are 
expected to be no greater than any other 
means of artificial lift. Paraffin is ex- 











Typical installation for closed rotative gas lift operation 
for multiple well system, showing compressor and power unit. 


Gas Lift Installation in the Spraberry 
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pected to give some trouble, however, 
this problem can be alleviated to some 
extent by using rabbits to prevent the 
deposition of paraffin in the tubing. 

No trouble is expected from sand or 
silt, as these materials are produced 
along with other well fluids and do not 
pass through the mechanism of the 
valves. In other areas where this condi- 
tion is prevalent, costs from this source 
in gas lift installations are practically 
nonexistent. 

Because of the great number of wells 


EXCLUSIVE 


View of compressor intake and distribution lines 






An analysis of the costs, equipment, and some of the results 
of artificial lift using gas in the Spraberry is given here. 


involved, the low estimated recovery 
from the wells, and the expense involved 
in placing these wells on a pump, gas 
lift as a means of lift in the Spraberry 
field is being given serious considera- 
tion by some operators. This report is 
presented to give the operator informa 
tion on the operation of gas lift, th 
initial investment costs, anticipated op 
erating costs, and the problems en 
countered in the type of reservoir con 
cerned. 

The Spraberry wells are drilled to a 
depth of approximately 7000 ft. The 
method of completion varies depending 
upon the operator. In some cases the 
wells are hydrafraced and in others a 
charge of nitroglycerin or other explo 
sive is used to increase the permeability 
The casing program also varies depend 
ing upon the operator and the avail 
ability of pipe. In a number of instanc« 
a liner, either 514 or 7-in. is hung from 
the base of the intermediate to the to 
of the pay. In other cases where no in 
termediate string is used 54% or 7-in. i 
run from the surface to the top of the 
pay. In practically all cases 2-in. EU] 
tubing is used. 

The formation is principally sand or 
siltstone and vertically fractured to a 
great extent. The productivity of the 
wells vary, but even the best wells have 
low productivity indices. The botton 
hole pressure is low, being subnormal 
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Spraberry 





originally. The field is not old enough to 
make accurate predictions on the rate of 
decline of bottom hole pressure, but the 
consensus is that the decline will be 
rapid and the life of the field very short 
compared with other fields in the Per- 
mian basin. 


Type of Gas Lift 

As the reservoir is of the solution gas 
drive type and the productivity of the 
wells low, the intermittent type of gas 
lift is practical. In this type of lift, gas is 
injected into the annulus at intervals by 
an intermitter. This gas passes through 
a flow valve beneath a column of fluid 
in the tubing. This column of fluid act- 
ing as a piston rises to the surface and 
is produced into the stock tanks. When 
a column of fluid again fills the tubing, 
gas is again injected into the annulus 
and the cycle repeated. Also, as the gas 
supply must come from a source other 
than a gas well the system must be 
rotative. A lift system of the rotative 
type is one in which the gas is taken 
from the separators and treaters on the 
lease, compressed to a higher pressure, 
and used for gas lifting. Gas lift gas plus 
produced gas, is produced back into the 
separator at low pressure, recompressed 
and used again to lift the oil in the well. 
Any gas produced beyond the capacity 
of the compressor will pass through a 
back pressure valve to the atmosphere or 
to the gas gathering system of a gasoline 
plant. The only gas used or destroyed in 
such a system is that amount required 
to run the compressor engine plus any 
amall leakage in the line. 


Volume of Gas Required 

The volume of gas required to lift the 
fluid is that amount of gas required to 
fill the tubing at a pressure equivalent 
to the pressure exerted by the column 
of fluid plus the pressure at the top 
of the column exerted by the separator. 

The volume of gas required can be 
calculated as follows: 
(PF + Pb+ Ps) (VT) 

iam (Pb) 

Where: 

Vg = Volume of gas per cycle cu ft 

PF = Pressure exerted by oil column 

Pb = Base Pressure = 14.7 psi 

Ps = Separator pressure = 35 psi 

VT = Volume of tubing, cu ft. 
Assuming 11% bbl per cycle: 

PF = (1.5 & 258.65) (0.35’) 

VT = 2.17 (70) = 152 

Vg = 
| (388) (.35) + 14.7 4+- 35] (152) 
14.7 
= 1930* 


Ces Said ratio = Lad — 1285 cu ft/bbl. 








Compressor Capacity Required 


The allowable at the present time in 
the Spraberry field is 121 bbl per pro- 
ducing day. Based on 25 producing days 
the calendar day allowable is approxi- 


_*There is a slide rule error in this calcula- 
tion. It results, however, in an additional safety 
factor in the selection of a compressor. 
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mately 100 bbl of oil per day. The 
theoretical amount of gas required to 
lift 100 bbl of oil per day is: 


100 1285 = 128,500 


Assuming an initial suction pressure 
of 35 psi, approximately 6200 cu ft of 
gas may be compressed per horsepower. 
The horsepower requirements per well 


would be: 
128,500 
6200 


The compressor capacity of 20.8 hp 
per well is calculated by using the 
theoretical minimum amount of gas re- 
quired per barrel of oil. It may be 
argued that 100 per cent efficient opera- 
tion would be difficult if not impossible 
to obtain. This would be true, if it were 
not for the fact that wells capable of 
making 100 bbl of oil per day in the 
Spraberry field did not have a tendency 
to flow slightly. If the bottom hole pres- 
sure declines to the point where the 
wells will not flow even slightly the pro- 
duction also declines below 100 bbl per 
day. Of course, as production and bot- 
tom hole pressure decline the efficiency 
of operation will decline. The gas re- 
quirements, however, will remain ap- 
proximately the same until production 
declines below 65 bbl of oil per day. 
Gas requirements per well will then de- 
crease with a decrease in production. 
Although the efficiency that can be ob- 
tained is partially a matter of specula 
tion, the compressor capacity designed 
to produce top calendar day allowable 
at 100 per cent efficiency on each well on 
the lease is believed to be conservative 
not only because of the fact mentioned 
above, but also because not all the wells 
will be lifted at the same time and also 
because all the wells on a lease of 8 or 
16 welis will not be top allowable wells. 

After deciding the compressor capac- 
ity required per well, the next step in 
designing a compressor rotative system 
is to decide on the size or sizes of com- 
pressor to be used. Because so little is 
known of the Spraberry reservoir, it 
is believed advisable to install compres- 
sors no larger than half the capacity re- 
quired for the lease under consideration. 
For example, if a lease of 16 wells is be- 
ing considered for lift, the total com- 
pressor capacity required would be: 


20.8 X 16 = 333 hp 


Largest compressor that should be in- 
stalled would be a 533 or two 167 hp. 
The reason for installing compressors no 
larger than this is to avoid installing 
excessive compressor capacity and 
thereby preventing unnecessary expen- 
ditures for equipment. A 333-hp com- 
pressor is capable of producing all 16 
wells on the lease at top allowable (or 
1600 bbl of oil per day). If it is found 
after installing the compressor that not 
all the wells on the lease are capable of 
making top allowable and the total pro- 
duction is less than 1600 bbl, there is a 
good possibility that the 333-hp com- 
pressor will be too‘large. This, of course, 
will not affect the operation of the gas 


= 20.8 hp per well 
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lift system, but will result in unneces- 
sary expenses. If, after installing a 167- 
hp compressor, it is found that addi- 
tional gas is required, additional com- 
pressors may he added to supply the 
gas needed. 


Distribution System 


The distribution system is the network 
of pipe that supplies the gas to the 
wells from the compressor. On all small 
rotative systems (16 wells) or less, 2-in. 
line pipe will be sufficiently large to 
handle all the gas néeessary with only a 
small pressure drop. Approximately 1.- 
000,000 cu ft of gas can be passed 
through a 2-in. line at 600 psi gage to 
ihe farthest well from the compressor 
(assuming a 16 well lease) with only a 
20 psi drop. The rate of flow, however. 
does not need to be this great and as 
it is anticipated that the compressor will 
be operating in the neighborhood of 700 
to 750 psi, 2-in. pipe has enough capac- 
ity for the volume of gas required. The 
pressure drop can be calculated by 
Weymouth’s formula: 


(P12 — P2?) ] 
Q = 28.6(D) 296] “—_ ? 
2 (D) [ (G) (L) 
Where: 
Q = cu ft of gas per hour = 
1,000,000 _ 
—— 41,700 
D = diameter of pipe = 2.067 
P1 = initial pressure psia = 615 


P2 = final pressure psia = 
G = specific gravity = 1.0 


2800 
= le pes = ——— — 0,53 
L = length miles 5980 


41,700 = 28.6 (2.067) 2.66 
(615) 2 — P22) % 





(1) (.53) 
P2? = 354,400 
P2 = 595 psia = 595 — 15 — 580 
psig 


Pressure drop = 600 — 580 = 20 psi 


Dehydrators 


As in all probability some freezing 
irouble will be experienced during the 
winter months in the distribution sys- 
tems it might be well to consider means 
of alleviating or eliminating this trouble. 
There are two possible methods of mini- 
mizing freezing troubles. 

(1) To inject chemicals methanol or 
alcohol into the gas lines so as to lower 
the freezing temperature of the hydrates. 

(2) To install a dehydrator to remove 
the hydrates. 

Of the above method the installation 
of the dehydrator is the most satisfac- 
tory under all: conditions, however, de- 
hydrators are more expensive from an 
initial investment standpoint than the 
chemical injectors, but the additional ex- 
penditure, it is believed, will reduce op- 
erating expenses and troubles. 


Gathering System 
The gathering system is that network 
of pipes returning gas from the various 
batteries to the compressor. The lines in 
















































spudding 
core holes 
workovers 


Carefully mined from selected deposits, Magcobar High Yield 
Drilling Mud is a stable clay well suited for use with brackish 
water. High Yield is a ready mixed mud in dry form. Only wate: 
need be added to provide a superior drilling mud for use in 
spudding, drilling core holes, and workovers where a low weight mud is 
desired with proper viscosity, gel strength and good wall building prope: 
ties. Precisely processed and classified, Magcobar High Yield Drilling Mud 
is resistant to salt and other contaminants often present in make up water 
It has proved to be a valuable additive to high pH-lime muds for control 
of viscosity and filtration properties. High Yield Drilling Mud makes ap 
proximately 50 bbls. of 15 centipoise mud per ton and is one of the most 









MAGCOBAR = MAGCOGEL » HIGH YIELD = MAGCO-FIBER » XACT economical materials for building a balanced mud. Ask your Magcobar: 
CLAY | FIBER SEAL LEATHER-FLOC FORM-A-PLUG CELL-O-SEAL 

SALT GEL © MAGCO-PHOS » REDOX » MAGCO-MICA » TANNATHIN engineer or nearby Magcobar Dealer how you can save long water hauls 
JELOIL MUD © JEL-OIL "E’ | “E” CONCENTRATE ~ NOHEEV age ; . E pion 

MY-LO.JEL PRESERVATIVE . QUEBRACHO | CHEMICALS and rig time with High. Yield Drilling Mud. 


MAGNET COVE BARIUM CORP. 


os One of the Dresser Industries 


| > _ MALVERN, ARKANSAS HOUSTON, TEXAS 
’ ‘ pam 

. JAJ ~~ S Lay : 
~~ N 


Complete | | 
DRILLING MUD SERVICE | 









Spraberry 

























4 
hed / 
oe 
< 
\ 
ta AQ y 
<i 
COOLING 
COMPRESSOR COILS 
GAS METER 
PE 
1€ —— ae 
es | St 
‘ * * 
rr ; UC eecuLaToR  DEHYDRATOR 
SUCTION BYPASS Yee oF 
x Q 
OJ \ 
) 








FIG. 1. Distribution system. 
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this system must be large enough to 
pass the required amount of gas with 
very little pressure drop. Also the sys- 
tem must be of sufficient capacity to con- 
tain the gas used during one cycle of 
operation without an excessive increase 
in pressure. 


Size of Lines 
The size of line required for a pre- 
determined pressure drop can be cal- 
culated from Weymouth’s formula as 
follows: 
Q = 41,700 
D = Unknown 


P1 = Initial pressure = 35 psig or 
50 psia 

P2 = Final pressure = 30 psig or 45 
psia 

G = 1.0 
1900 , 

L= 5980 0.36 

Q = 28.6 (D) 2.66 (50? — 457)% 

(D) = 4.02 
D = 4 in. 


In order for the gathering system to 
pass 1,000,000 cu ft per day at approxi- 
mately 35 psig with as little as 5 psi 
pressure drop, the lines must be 4-in. or 
larger. 


Capacity of the Gathering System 


As already stated the capacity of the 
system should be such that excessive 
pressures are not required to contain 
the volume of gas used in one cycle. In 
order to determine the capacity required 
of the gathering system two things must 
be known, (1) the gas used per cycle 
and (2) the pressure increase possible 
on the gathering system: 

(1) Gas Used Per Cycle. Previously 
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it ‘was calculated that approximately 
1285 cu ft of gas per barrel of oil would 
be required. In order to be conservative 
or on the “safe side” it is assumed that 
at least two barrels will be lifted per 
cycle. The total volume of gas required 
per cycle would then be (1285 & 2) or 
2570 cu ft. 


(2) Pressure Increases. If it is as- 
sumed that approximately two atmos- 
pheres of pressure be added to the orig- 
inal pressure of 35 psig the peak pres- 


sure would be approximately 35-4 2 
(15) = 65 psig). 

In calculating the capacity of the 
gathering systems; the flow line, the 
separators, and the tubing of the well 
concerned should be added to the capac. 
ity of the gathering system. 

(a) Volume of separator (2% X 12 


ft) = 39 cu ft. 

(b) Volume of tubing (2-in.) 7000 
ft == 152 cu ft. 

(c) Volume of flow line 2-in. 950 ft = 
21 cu ft. 


For a 16 well lease with tank batteries 
in each quarter section, the volume of 
each of the above would be: 

(a) 39X4= 156 cu ft. 

(b) 152 (1) = 152 cu fet. 

(c) 21 16 = 336 cu ft. 

If 4-in. lines are used in the gathering 
system on a section of 16 wells split into 
quarter section, the total volume con- 
tained would be: 

(4X 1900) (.0884) = 670 cu ft. 

Total volume for the entire system 


would be: 
670 + 644 = 1314 cu ft. 


The total volume needed, assuming 
that an increase in pressure of 30 psi is 
practical, is 2570/2 or 1285 and as there 
is 1314 cu ft available in the tubing, flow 
line, gathering lines, and separators 
there is no necessity for installing a 
volume chamber. If, however, the sys- 
tem is smaller than a 16-well lease or 
less than 7600 ft or 4-in. line pipe is 
used in the gathering system, the capac- 
ity of the system may have to be en- 
larged, either by the addition of a vol- 
ume tank or by laying a larger gather- 
ing system. On a 4-well lease where no 
gathering lines are necessary, the only 
volume available will be the one sepa- 
rator, four flow lines and the tubing in 
one well. This volume would be: 
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FIG. 2. Gathering system. 
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check valve and blow out safety head. 


(a) 39X1= 39 cu ft 
(b) 152% 1= 152 cu ft 
(c) 21K4= 84 cu ft 

275 cu ft 


As the capacity of the gatherirg sys- 
tem on a 4-well lease is not sufficient to 
contain the gas used in one cycle, vol- 
ume must be added in the form of tanks 
or pipe. Approximately 1000 cu ft of 
additional volume will be required. The 
cost of this additional volume will be in 


FIG. 3. Gas lift installation. 
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Distribution line from compressor showing back 





the neighborhood of $3000 if in the 
form of tanks. If larger lines, 10 or 
12-in. laid on the ground and used as a 
volume tank, the cost is approximately 
$6000 for 1000 cu ft. It may, however, be 
advisable to use the large lines as vol- 
ume tanks in spite of the additional cost 
because of the high salvage value. In 
the attached cost analysis, the cost of the 
volume tanks is used on leases where it 
is not necessary to lay lines to the 
various batteries to collect the gas. 

A sketch showing the gathering sys- 
tem is shown in Fig. 2. 


Gas Lift Equipment Required 


Subsurface. The number of gas lift 
valves required for a Spraberry well 
would be no more than five and in 
some instances would probably be less. 
A diagram of a typical installation is 
shown in Fig. 3. 

Surface. A time cycle controller plus 
gages and needle valves are the only 
surface items necessary. The time cycle 
controller may be electric or mechanical. 
A sketch of the surface installation is 
shown in Fig. 4. 


Compressor station showing line hook-up and volume tank. 






Orerating Costs 


The operating costs of a compressor 
rotative system are expected to be no 
greater than other methods of artificial 
lift. Cost estimates must be based to a 
great extent wpon assumptions, however 
the estimates and assumptions contained 
herein are based upon experience in 
other areas in which cost data are avail- 
able. For purposes of analysis the op- 
erating costs are broken down into three 
distinct categories: well costs, lease 
costs, and labor costs. 

Well Costs. These costs include the cost 
of any work done to any well such as 
pulling jobs, repair of gas lift valves, 
and maintenance of surface equipment. 
From experience in other areas, it is be- 
lieved that in all probability the well 
when placed on gas lift will have to be 
pulled no oftener than once every three 
years, however, in order to be conserva- 
tive it is assumed that pulling will be 
necessary every two years, and the total 
cost of pulling will be approximately 
$360. In addition, it will be necessary 
to repair the valves. This cost is assumed 
to be $200, which, if anything, is high. 
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FIG. 4. Surface wellhead connections. 
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Total well cost for each pulling and re- 
pair job is then $560. Well cost per year 
will be 560/2, or $280. 

Lease Costs. These costs include any 
cost of work or maintenance on the lease 
such as the repair and maintenance of 
compressors, gas measuring equipment 
and other miscellaneous equipment 
found on the lease. Not too many data 
are available on the maintenance cost of 
the portable type compressor under con- 
sideration in this installation. It is an- 
ticipated, however, that a major over- 
haul will be necessary on the engines 
driving the compressor no more often 
than every two years at a cost of ap- 
proximately $1200 per engine. The com- 
pressor will need no major overhaul any 
more often than once every five years at 
a cost of approximately $2000. Also, 
since the compressors are to be supplied 
with gas from the lease, a charge of 
$0.05 is made for each 1000 cu ft of gas 
used by the compressor. It is believed 
that other miscellaneous lease costs will 
not exceed $100 per year. 

Labor Cost. One switcher or pumper 
should be enough for at least 16 wells 
provided they are not widely dispersed. 
It is assumed that his salary will be $400 
a month, 

It is felt that $400 a month should 
also be sufficient for supervision to as- 
sure that the lease or installation of 16 
wells is functioning efficiently. 








Total costs (16-well lease). 


1) Well costs: 
Pulling costs per year..............$2,880 
Valve repair costs per year 





ee eeccces , 


IIIT? 30 Ses 89.0 ok haw $ 4,480 
2) Lease costs: 
Compressor engine repair per year... $1,200 
Compressor repair per year......... 800 
Gas cost per year. a 
Miscellaneous cost per year. ‘con: ee 
TT ETE LT IEEE $ 3,550 


(3) Labor cost: 


Ld yeah en eee $4,800 

Supervisor per year............... 4,800 
MSS Son vaciiinacn uence es $ 9,600 
Total operating cost per year. cae Ae cueiee $17, 630 





Operating cost, dollars per bbl 
(16-well lease). 











Avg. daily Total yearly Cost 
prod. per wel) prod. — bbl ver bbl 
bbl (16 wells) dollars 
100 584,000 $0.0302 
80 467,000 0.0378 
60 352,000 0.0502 
40 234,000 0.0754 
20 117,000 0.151 
10 58,400 0.302 
5 28,200 0.625 
3 17,500 1.01 
2 11,700 1.51 
1 5,840 3.02 





One item that has been omitted from 
the operating cost data is that cost due 
to paraffin deposition. It is expected that 
this will give some trouble. As these 
wells are to be of the intermittent type, 
however, a rabbit of some sort may be 
run in the tubing to prevent the deposi- 
tion in the tubing. The flow lines, separa- 
tors, and tanks. however, will in all 
probability have to be cleaned occasion- 
ally. The increase in operating cost due 
\o paraffin deposition is expected to be 
very small, at least no more than in the 
vells presently flowing. 
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Dehydrator cost. 











If a dehy -drator 1 is installed: 
2.3 MMCF 1000 lb CWP Glycol dehydrator... .. $2,110 
IIE 5 og coe Snwx ce meses.  —_— 
NII ae Se lata at, rage 81 
Total cost. : a : a ... $2,291 
re Sere 
Mist extractor W/accumulation leet eS 250 
$ 600 
IIIS oo soos cess acssecn cc aeed .... 300 

Total dehydrator cost. 

OER eres $2,291 
Cooling coil and mist extractor................... 600 
RE ASS een are , ae = ake 
RSS 52 08 oa 9 Fae $3,191 
Total per well 4-well lease...................8 800 
6-well lease........ : ~ 
Se oc. ccusccmrcur ... 400 
SR Sins'osvndarca oe avces 266 
16-well lease............. Oe 





Cost analysis for 4-well lease. 





Distribution system costs 














Materials. 
3760 ft—2 in std. line pipe @ .34 cents/ft......... $1,280 
9—2000 Ib CWP gate valve @ $45 ea............. 405 
1—4 in fabricated manifold 2 in inlet and outlet... 150 
5—3 in meter runs @ $86 ea..................05. 430 
9—2 in 2000 Ib steel tees @ $3.63 ea She eee 33 
§—2 i in 2000 lb steel ells @ $2.57 ea.............. 23 
12—2 in 2000 Ib G. J. Lip Unions @ $5.45 ea. 66 
4—14 in. 2000 lb gate valves @ $12.60 ea......... 51 
16—}4 in 2000 lb needle valves @ $6.53 ea........ 105 
8—l4 in x 2 in 2000 Ib swage — @ $4.23 ea. 34 
8—l4 in x 2000 Ib steel tees @ $1.06 ea........... 9 
8—14 in x 2 in pipe nipples @ $0. 12 - Rees aaa 1 
1-24 in back pressure regulator @ $282ea......... 282 
pL ne ener $3,859 
Labor. 

Labor to lay, ditch, coat, and refill 2 in line pipe @ 

IIE Sic ciciceanipishiouw oaieicrunwneaoe $1,018 


Miscellaneous roustabout labor to connect system — 














NIE ad ee tue ap nate! Cera ard Ri ee a eee TER 500 
Se rere $1,518 
Total Distribution Cost 
I i e566 slow dein Seas coca eee ... $3,859 
Boas avincwten-«s eee ee ee 
Total cost. . $5,377 
Gathering system 
__ Materials. 

3—2 in 1 back pressure regulator 125 Ib @ $120 ea $ 360. 00 
1—2 in 125 lb reducing regulater @ $120 ea. 129.00 
1—4 in 125 lb reducing regulator @ $190 ea... 190.00 
1—1 in fuel regulator @ $15 ea. Sea 15.00 
= 4 in 125 lb CWP gate valves @ $39 ea... 119.70 
—4 in 125 lb CWP tees @ $4.29 ea....... 25.74 
34 i in std. swage nipples @ $4 ea. ae 29.00 
4—4 in std unions @ $23 ea..... are 92.00 
3—4 in std. ells @ $3.25 ea... nau 9.75 
80 ft—4 in std. line pipe @ $1. 11/ ft. 88.80 
59 ft—2 in line pipe std. @ $0.34/f 17.00 

2—Volume tanks 6 ft x 20 ft 195 lb CWP @ 
$1,585 ea... 3,170.00 


Total material $4,227,99 





Labor. 
Roustabout labor te set ‘volume tank oad tie i in 

separator. Treater and miscellaneous items-— . 

er | ; ... $ 300.00 








Total labor . -$ 300.00 


“Total gathering 5; system costs. 








Material........ . ap .... $4,227.99 
TS eee ¥ 300.00 
Total. ...... $4,527.99 


Compressor costs 
Materials. 





(1) Two-stage gas compressor’ unit consisting a the 
following: 
Single cylinder, double acting, horizontal water-cooled 
gas compressor, with metallic piston rod packing and 
mounted force feed lubricator for air cylinder and rod 
packing complete with power unit. The entire unit 
shall be built on a steel skid, with all open areas covered 
with deck plate, with belts, sheaves, belt guards covering 
drives and flywheels, along with gas and water piping 
to make unit ready for ppnene 

Pr rice complete. Se ape . $14,442 

































































Labor. 
be a, eS ere .$ 200 
Foundation and building. .... ee 1,000 
Roustabout labor-—4 days ie 300 
Total labor . -... $1,500 
Total compressor costs. 
MS rs ie et ee $14,442 
Roe Bp iene ee 1,500 
MS is:sloss £ : $15, 042 2 
Well costs—Materials. 
5—Intermitter type valves—2-in wie $1,155 
i—Packer 7 inx 2in................... 350 
1-—Time cycle control........ 289 
1—Standing valve ; 28 
Total per well ae $1,822 
Total 4 wells esses renee . $7,288 
Labor. 
Unit time 32 hr per well @ $15 per hr... $ 480 
Roustabout labor @ $59 per well... . 50 
Total per well.... : me : $ 530 
Total 4 wells........ - ; $2,120 
Total well costs. 
PEO ae cic cacee ns eter se sad . $7,288 
IE a isea px chaar oe aa. 2,120 
| er eee $9,408 
Total Costs. 
TI nic css ssi Nin tise ; $15 5,942.00 
Distribution system............... pes . 5,377.00 
Gathering system..... : e 4,527.99 
Co , ; 9 "408.00 
ee $35,254.00 
PMN ciiccin cna eee bowie as $ 8,814.00 
Cost analysis for 8-well lease. 
Distribution system—Material. 
$840 ft—2 in std. line pipe @ 34 cents per ft $3,000 
16—2 in 2000 lb CWP gate valves @ $45.00 ea.... 720 
18—2 in 2000 lb G. J. lip unions @ $5.45 ea... 98 
24—2 in 2000 Ib steel tees @ $3.63. ....... 87 
24—2 in 2000 Ib Ells @ $2.57............... ; 62 
16—2 in x 4 in smls swage nipples @ $4.23 68 
32—14 in needle valves @ $6.53......... 209 
8161 in gate valves @ $12.60............. 101 
9—3 in orifice flanges @ $86.00............ 775 
a in steel] tees 2000 lb CWP @ $1.06 ; 17 
1—-2 in back pressure regulator @ $282.00 282 
Total material cost... .. . $5,419 
Labor. 
Labor to lay, ditch, and refill 8840 ft 2 in line pipe 
@ .30 per foot. . $2,652 
Roustabout labor 1 ‘gang 10 di: ays @ $70 pe r r day . 700 
Total labor cost... . $3,352 
Total distribution cost. 
Material. $5,419 
Labor..... 3,352 
Total. $8,771 








Gathering system—Material. 


3—2 in 125 Ib back pressure regulator @ $120 ea $ 360.00 





1—2 in 125 lb reducing regulator @ $120 ea 120.00 
1-4 in 125 lb reducing regulator @ $190 ea 190.00 
1—1 in fuel regulator @ $15 ea. 15.00 
3—4 in 125 lb CWP gate valves @ $39.90 ca 119.70 
6—4 in 125 lb CWP tees @ $4.29 ea .. 25.74 
5—4 in std. swage nipples @ $4 ea 20.00 

4—4 in std unions @ $23.00 ea... 92.00 
3—4 in std ells @ $3.25 ea. 9.75 
80 ft—4 in std. line pipe @ $1.11 /ft 88.80 


50 ft—2 in line pipe std. @ $0.34/ft 17.00 
2—Volume tanks 6 ft x 20 ft 125 lb CWP @ 
$1,585.00 ea... : 3,170.00 


Total material eTnOre $4,227.99 


Roustabout labor to set volume tank and tie in 
a treater and miscellaneous items 
days. . ieee 300.00 


Total labor $ 300.00 


Total gathering system Cost. 





Material : $4 297.94 
Labor 300.04 


Total $4,527.9 
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Spraberry 






























Well cost 
Gas lift equipment. 
5—Intermitter t posteee-01 | ree $ 1,155 
ENT on occas anes cvcéecsévees 350 
1—Time cycle oma 1 SRST RE eS Fe 289 
see as wine cenaverasas deere. 28 
I, nd ape minnnee heeds eowe¥Vad $ 1,822 
ET 2... nn adn gkignecacuieitee $14,576 





Labor (per well). 





Unit time—32 hr per well @ os per hr, plus rousta- 


















































































about labor @ $50 per well.................. $ 530 
PRES PSE ete des Sled epee ene <> $ 530 
: see Te: $4,240 
Total well cost. 
Ady ois Nes De cenineeh i eden chad $14,576 
POLES ENTERS PND 5, 2° ape a ae eer 4,240 
RR a ee a eee $18,816 
Compressor costs 
Material. 
One single cylinder double acting, horizontal water- 
cooled gas compressor complete with power unit, 
starting equipment, and heed devices, and 
mounted on a steel skid.. 
I rd Sia ai a aid nae ts tee $ 693 
One single cylinder double acting, horizontal water- 
cooled gas compressor complete with power unit. 
starting equipment, and safety devices, and 
mounted on a steel skid. 
ace ceguatnystdvaeeceaas . $16,095 
Total compressor cost..................+- $26,788 
Labor. 
Transportation (2 units)..... pawianenveveesanr™ $ 400 
Foundation and building (2 units)............... 1,700 
ET Ere 450 
$ 2,550 
Total compressor costs. 
ie an Ser aise haan hlakae chewercbedewn $26,788 
SRR aS ee Ae ,550 
ae eee et ny. $29,338 
Total costs (8-well lease). 
ives cnvaniwasnionsxeben $ 8,771 
IGN ar neeckvanensSseeurndnaeaces 29,338 
I Sid in cee bina dene su eeldua’s eases 4,528 
NT Gareth Sos oreo cukuedececwd+scswens 18,816 
$61,453 
ck geeuvkeens vereenebenee $ 7,681 
Cost Analysis 
for a 12-well lease. 
Distribution system materials. 
19,000 ft 2 in line pipe @ 34 cents per ft..... .. $ 6,460 
28—2 in 2000 lb CWP gate valves @ $45 ea . 1,260 
44—2 in 2000 lb CWP steel tees @ $3.63 ea...... 160 
32—2 in 2000 CWP G. J. lip steel unions @ $5.45. 175 
40—2 in 2000 Ib CWP steel ells @ $2.57 ea....... 103 
* 36—2 in x % in smls. swage — @ $4.23...... 153 
32—}4 in needle valves @ $6.53.......... Sires 209 
13—3 in — flanges @ $86.00 ea............. 1,120 
24—% i in 2000 Ib CWP steel tees @ $1.06 26 
12—14 in 2000 lb steel gate vaives @ $12.60...... 15 
1—Back pressure regulator 1500 Ib WOG $282.... 282 
Miscellaneous connections 200 
Total material cost $10,163 
Labor. 
Labor to lay, connect, pitch, and refill 19,000 ft of 
2 in line pipe @ $0.30 per ft $ 5,700 
Roustabout labor. 10 days @ $70 per day 700 
Total labor cost $ 6,400 
‘Total distribution sytem cost. 
Material. . $10, 163 
Labor...... 6,400 
RE ee AON nee $16,563 








Gathering system costs—Materials. 


Labor. 





4—2 in 125 Ib CWP back press. reg. @ $120 ea... ” 480 
4—2 in 125 lb CWP reducing regulator @ $120 ea. 480 
at | 8,440 
10—4 in 125 lb er *- 493 
12—4 in 150 lb CWP unions @ $10.05........... 121 
eid god 7 ee SS a 36 


8—4 in 150 lb CWP ells @ $3.41 28 
1—4 in reducing regulator, 125 lb CWP @ $190 ea 190 
1—1 in fuel regulator @ $15 ea 15 
Miscellaneous connections...................... 200 


Total material cost............--...0000- $10,483 








Gathering system costs—Labor. 





Labor to lay 4 in line pipe on surface not to be 





ONE OES eae $1,520 
10 days roustabout labor @ $70 per day......... 700 
ks ais ewesaues $ 2,220 





Total gathering system cost. 





RE <3.* tals an een anced Syesndesal i $10,483 
ES Daihen tcaehob wah iatied en wk kee Coch aers 220 
ESE ES eR een Sh Tee eee $12,703 





Compressor costs—Materials. 





2—Single cylinder double acting, horizontal water 
cooled gas compressors, complete with jacket 
collar, safety switches, pop valves, gages, 
serubbers and other miscellaneous cquipment. 
The unit is powered with power unit complete 
with starting devices and safety switches and 
other accessories. The entire unit 's skid-moun 
with open areas deck-plated and ready for 
installation. 
OS ere $16,095 
Total cost 2 compressors................. $32,190 





Compressor costs—Lahbor. 

















I acide sacveses $ 400 
Foundation and building....................... 2,100 
Roustat our lubor—4 =i @ $70 per day. , 280 
EE ETE TCT $ 2,780 
Total compressor costs. 

ED irs. cn do ae etnategecsetVaedieeseneaens $32,190 
ESE ARREST aa eee ener 2,780 
$34,970 





Well costs—Materials (per well). 

















5—Intermitter type valves—2 in tubing.......... $ 1,155 
- Ee 350 
1—Time cycle — @ $288.75.. seers 289 
1—Standing valve @ $28....................... 28 
Total material cost per well............... $ 1,822 
aR RR a een $21,864 
Well costs—Labor (per well). 
Unit time. 32 hr per well @ $15 per hr........... $ 480 
Roustabout labor @ $50 per well................ 50 
Total labor cost per well. ................ $ 530 
nin 6.esureenvedtwieaseeranes $ 6,360 





Total well costs. 
see ee ate OS ke oa $21,864 
Labor 60 


COC Cee eee e reece reser eersesesesereseseeese F 








rn ee ee ne near $28,224 





Total costs (12-well lease). 








Distribution system costs..................2.00 $16,563 
ee Ree 12,703 
es Sonat te teaaekenwiee 34,970 
SRE IEE Sa aera ee apes ee 224 
i 9 i $92,460 
Or a $ 7,705 








Cost analysis for 16-well lease. 





Distribution system cost 
Materials. 
19,000 ft—2 in line pipe @ $0.34 per ft 


32—2 in 2000 Ib CWP valves @ $45.......... 
44— 2 in 2000 lb CWP G. L. lip unions @ $5.45. . 240 





48—2 in 2000 lb CWP steel ells @ $2.57..... ; 124 
48—2 in 2000 Ib CWP steel tees @ $3. ,* 175 
32—2 i in x 4 in smls. swage nipples @ $4 23 135 
64—14 in needle valves 2000 lb CWP @ yy 418 
16—1 4 in gate valves 2000 lb CWP @ $12.60... 202 
21—3 in orifice flanges @ $86...... aie 1,806 
32—1+ in steel tees 2000 lb CWP @ $1.06. Barvotae 34 

1—2 in back pressure regulator @ $282. . a 286 
Miscellaneous fitting, nipples, ete................ 200 


Total material cost. ...... 
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—— to lay, ditch, and backfill 19,000 ft 2 in line 




















RNs taaceacdece en sces es »700 
hosdebeut labor—10 days @ $70 per day....... 700 
5 EE eee Cn ney eRe $ 6,400 
Total distribution cost. 
DR 2 20g ck sabe na co awe iwcndasgyswaeekes $11,516 
MEG ors nek Abtantrailet< ccwudeoaks Coane 6,400 
; REE Rees ee Meee eee Teer eee $17,916 
Gathering system costs 
Materials. 
4—2 in 125 lb CWP back pressure regulator @ “iad $ 480 
4—2 in 125 lb CWP reducing regulator @ $120. . 480 
7600 ft—4 in line pipe @ $1.11 per ft............ 8,440 
10—4 in 125 lb CWP valves @ $49. 28 ea. y 493 
12—4 in 150 lb CWP unions @ $10.05........... 121 
8—4 in 150 lb CWP tees @ $4.51............... 36 
8—4 in 150 lb CWP ells @ $3.41................ 28 


1—4 in reducing regulator, 125 lb CWP @ $190 ea 190 




































































1—1 in fuel regulator @ $15.................... 15 
Miscellaneous connections.................-... 200 
Total material cost................scceeee $10,483 
Labor. ; 
Labor to lay 4 in _ Pipe on surface not to be 
buried— @ $0.20 per ft..................... 1,520 

10 days roustabout 4 ond 6 $70 per day......... 00 

| ee ene Pees $ 2,220 
Total gathering system cost. 
ea eee: 

ME Sowicsn tise a 5.cn nocaweaicacebenaeete 2,220 
MS enc vocaacubavees conus akeeei meson $12,703 

Well costs 
Materials (per well). 
5—Intermitter type valves—2 in tubing.......... $ 1,155 
i Spee eee 350 
1—Time cycle controller @ ee 75.. Sine eects 289 

1—Standing valve @ $28. pee eae. 28 
Total materia: cost i NIMES ciscaatneo weet $ 1,822 
Total (16 wells). . eee 

Labor (per well). 

Unit time, 32 hr—per well @ $15 perhr.........$ 480 
Roustabout labor—$50 per well................. 50 
Total labor cost per well................. * 

_ TEE emer $ 8,480 
Total well costs. 

Material Bie ae entatatamhce Nahai oe ¢-atuwere ab amarante mae $29,152 
its CS aRua ae aANS ee eek ak wR eee ance 8,480 
| nee re eee ae Ree $37,632 

Compressor costs 
Materials. 
2—Sirgle cylinder duplex double acting, horizontal 
two stage water-cooled gas compressors complete 
with all safety switches, scrubbers, starting 
mechanism, pop valves, and powered with an 
oil field power unit. 
IN 5. ov bis gc wo dak Oo ae ete $23,339 
sR Ae eae atone $46,678 
Labor. 

I sd oo: Sains vba wices-cciecsleoanen $ 400 

Foundation and building. . .. 2,100 

Roustabout labor—7 days @ @ $70 a a 280 
PN ce ea et tk ae $2,780 

Total compressor cost. 

Ra CURIEIRS Reme NE -, $46,678 

_ SESE SE ER ae eee Pome cee ar mae 2,780 
iat an tayenia sca Nedaen tn tecoe $49,458 

Total lease costs. 
Distribution oe.. eee tame ak aoe anente $ 17,916 
par o.. Ewha 12,703 
eee 49,458 

W rel — al gas lift equipment............... 37,632 
Tota: cost (16 wells).................... $117,709 
MIE, oo eeeccnt os acdescxeesoe $ 7,360 





— as 








THE PETROLEUM ENGINEER, July, 1952 











' ete) Oe we 


roolsec', 





Geology of the Spraberry Trend of 


the Permian Basin of West Texas 


Srvatep in the Midland Basin portion 
of the Permian Basin of West Texas, the 
Spraberry sandstone section, which is 
Middle Permian (Lower Leonard) in 
age, is currently revealing the presence 
of the world’s largest known reservoir 
(see Fig. 1). This trend of development 
is known as the “Spraberry trend”, ex- 
tending throughout 8 different counties, 
and being 128 miles long north to south 
and 40 to 60 miles wide. As of March 1, 
1952, this area contained 1223 wells pro- 
ducing from the Spraberry sandstone 
section, representing 20 producing 
areas, all of which had produced an ac- 
cumulative total of approximately 25,- 
580,000 bbl of oil, the current monthly 
rate of production being approximately 
2,250,000 bbl of oil. This rate of produc- 
tion on an average daily allowable 
represents a daily well output of 80 bbl 
of oil as compared to the average per 
well allowable of 160 bbl of oil per day. 
The “four-county” area of Midland, 
Glasscock, Reagan, and Upton contains 
the largest known reservoir in the world 
which represents the south portion of 
the Spraberry trend area of develop- 
ment. It is readily apparent that most of 
all the Spraberry producing fields in this 
region will eventually be joined; how- 
ever, present development shows that 93 
per cent of this area is undrilled, as- 
suming that well spacing will continue 
at 40 acres. This “four-county” area, 
based on present subsurface data, em- 
braces a total of 729,600 acres of proved 
and semiproved producing area which is 
approximately five times the size of the 
East Texas field, and assuming 4000 
bbl of oil per acre recovery would repre- 
sent 2,918,400,000 bbl of oil reserve. An 
additional 17,000 wells drilled on a 40- 
acre pattern would be necessary to com- 
plete the development of this “four- 
county” area. 

The first oil produced from the Spra- 
berry sandstones of West Texas occurred 
at the Seaboard Oil Company No. 2-B 
Lee in the Spraberry deep field of cen- 
tral eastern Dawson County in January, 
1949. Approximately one month later 
the Tex-Harvey field in eastern Midland 
County was discovered by the Tex-Har- 





{Presented at the spring meeting of the 


Southwestern District API Division of Produc- 
tion, Washington-Youree Hotel, Shreveport, 
Louisiana, March 5-6-7, 1952. 

*Consulting geologist, Midland, Texas. 
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vey Oil Company No. 1 Floyd. Subse- 
quent to these two major discoveries, 
activity in the new known “Spraberry 
trend” was slow until the opening of the 
year 1950, during which year six Spra- 
berry discoveries were made, viz., Pem- 
brook, Germania, Benedum-Spraberry, 
Midkiff, Manning-Huddle, and Smith 
Spraberry fields. The year 1951 wit- 
nessed accelerated development over the 
entire “Spraberry trend” area, account- 
ing for 14 new producing areas, it being 
in late 1951 that the Texas Railroad 
Commission put out an order restraining 
further recognition of newly discovered 
Spraberry producing areas, requiring 
that names for these new areas be as- 
signed to the nearest previously recog- 
nized Spraberry producing field; how- 
ever, provided these newly discovered 
areas were three miles or more removed 
from previously established production, 
the Commission did grant discovery al- 
lowables based on depth. During the 
year 1951 the “four-county” area of 
Midland, Glasscock, Reagan, and Up- 
ton received the lion’s share of Spra- 
berry development and witnessed the as- 
surance that most of the Spraberry pro- 
duction in this area was associated with 
one common blanket type reservoir, be- 
ing segregated into the upper and lower 
Spraberry sandstone sections, with the 
best development occuring in the upper 
section. 


Stratigraphy 

The Spraberry sandstone section is 
usually 1000 ft thick over most of the 
Midland Basin, with production being 
obtained from the uppermost 200 to 250 
ft and the lowermost 400 to 500 ft (Fig. 
2). The upper section contains three 
well-developed sandstone members with 
intervening black shales and argillac- 
eous limestone and ranges in thickness 
from 200 to 250 ft. The middle section 
varies in thickness from 300 to 350 ft 
and is composed primarily of black 
shale with an 80-ft sandstone and/or 
limestone member occuring in the cen- 
tral portion. The lower section is simi- 
lar in composition to that of the upper 
Spraberry and contains four well-de- 
veloped sandstone members that are also 
correlative throughout the Spraberry 
trend area, representing a _ thickness 
ranging from 400 to 500 ft. The sand- 





stones are primarily a siltstone type be- 
ing gray to tan in color; whereas the 
shales are black and highly carbona- 
ceous. The limestones are gray to nearly 
black in color, dependent upon rela- 
tionship to sandstone and shale mem- 
bers. A comparison of the upper with 


-that of the lower Spraberry sections in- 


dicates that the upper No. 1 and No. 3 
sands are the most prolific relative to 
the production of oil whereas in the 
lower section the No. 4 sand, which is 
the lowermost sand of lower Spraberry 
is the most prolific, especially in areas 
where anticlinal type structures are 
dominant. From north to south, all of 
the sandstone members of the upper, 
middle, and lower Spraberry section are 
definitely correlable, with each member 
retaining its proper place in the section 
with rather minor variations in thick- 
ness. To the northwest, north, east, and 
southeast, the typical facies of sand, 
shale, and limestone grades laterally to 
a predominantly limestone or carbonate 
section, whereas to the west, southwest, 
and south the complete section grades 
laterally to an undifferentiated sand- 
stone and shale section, being predomi- 
nantly shale. 

A study of numerous Spraberry cores 
indicates that the complete section was 
deposited without interruption and the 
changes in the section vertically from 
sandstone to shale and/or limestone 
were not too abrupt, being gradational 
from a sandstone to a shaley sand or 
limey sand to a sandy shale or sandy 
lime into a complete shale or limestone 
section. The complete section is usually 
very compact and dense. In the northern 
portion of the “Spraberry trend,” the 
section is more sandy and somewhat 
more permeable than in the south por- 
tion. The Spraberry section and the un- 
derlying Dean sandstone section, which 
is near the basal portion of the Permian, 
were deposited on a monoclinal, west- 
ward-dipping broad shelf area, which 
accounts for the type of deposition and 
current status of the developed Spra- 
berry reservoirs. 


Structure 


In all cases, with two exceptions, the _ 
accumulation of oil in the Spraberry 
section is associated with broad, re- 
gional, westward-plunging monoclinal 
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@® = SPRABERRY PRODUCING AREAS 


FIG.1. SPRABERRY STRUCTURE MAP 
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nosing, showing maximum closure on 
these roses of 30 ft, with the major ex- 
ceptions occuring in the Benedum Spra- 
berry field of eastern central Upton 
County, which exhibits a maximum 
closure of 195 ft, being associated with 
a deep seated pre-Permian Ellenburger 
faulted anticline, and the Spraberry 
deep field of east central Dawson County 
which contains approximately 300 ft of 
Spraberry closure as the result of a 
Pennsylvanian “reef” buildup beneath 
the Permian section. Other Spraberry 
producing areas which are related to 
anticlinal closures of lessor consequence 
are Flatrock, Upton County, Ellenbur- 
ger structure; Warfield, Midland 
County, Pennsylvanian-Ellenburger 
structure; Clarence Scharbauer, Mid- 
land County, Pennsylvanian-Ellenbur- 
ger structure; Pégasus, Midland-Upton 
County, Ellenburger structure; Sweetie- 
Peck, Midland-Upton County, Ellenbur- 
ger structure ; Snowden, Dawson County, 
Pennsylvanian “reef”; Worth Gail and 
South Gail, Borden County, Pennsyl- 
vanian “reef”. The north and west por- 
tions of the Spraberry trend exhibit 
small local accumulations, whereas 
south of Martin County, in the “four- 
county” area, that portion of the trend 
is represented by low-relief, broad, re- 
gional, west-plunging monoclinal nosing 
with the resultant blanket type accumu- 
lation of oil. 


Production Structure 


The Spraberry trend is productive 
structurally ranging from minus 2500 on 
the east to minus 5000 on the west rela- 
tive to the top of the section, with pro- 
duction occuring in both the upper and 
lower sandstone developed zones, rang- 
ing in depth from 5300 to 8000 ft. As 
shown on Fig. 1, many of the developed 
areas produce from both the upper and 
lower portions of the Spraberry section 
being dependent upon the better devel- 
opment of the sandstone members and 
the degree of fracturing. It is evident 
that the upper Spraberry is the last por- 
tion of the section to grade to limestone 
to the east and likewise is the only sec- 
tion in the eastern extremities of the 
trend that has possibilities for accumu- 
lation of oil, whereas the lower Spra- 
berry is the last portion of the section to 
become undifferentiated on the west 
side of the trend and likewise is the only 
section there that has the better possibil- 
ities for the accumulation of oil. 

Downwarping in conjunction with 
compaction was apparently associated 
with and a contributing factor to cause 
development of the intricate fracture 
system of the Spraberry section. In the 
north half of the “trend” fracturing is 
less evident but is nevertheless present, 
whereas in the south half of the area 
fracturing is more prevalent and is 
directly related to the productive ability 
of wells in that area that makes produc- 
tion of oil commercially possible from 
the sandstone sections that are otherwise 
practically impermeable in this area. 
The primary fractures are vertical and 
closely spaced and are usually open, 
being better developed in the shale and 

































CLEAN FLOOR 
“) SAFE DERRICK 


GUIBERSON 
Wire Line Oil Savers 


for Excellent Pack-Off—Clean, Dry Line 


3 to choose from—take your choice and know 
that if it’s Guiberson, it’s good! 








TYPE ‘'R'’'—for tubing. Simple, inexpensive, 
effective. Split housing for easy installation. 


TYPE ‘'S''—for casing or tubing. Economical, 
simple—similar to “R” but heavier construc- 
tion, flange bottom or tubing connection. 


TYPE ''D''—for tubing or casing. Two 
independent sets of rubbers, single end opera- 
tion, make it cost more but still very 
economical. Pin or flange adapter connection. 


Non-sparking brass bushings and guides 
throughout ... long-wearing rubbers... finest 
Guiberson precision construction. 


- TYPE ‘'B'’ RELEASING ATTACHMENT— 
Positive release for Oil Savers—prevents 
tool damage. 

Easy to attach, pressure won’t release it. 


: “a4 | Potty be Span SH 


SG ys pat OFF 


GUIBERSON | 








THRE “ES 
RELEASING 
ATTACHMENT 
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FIG. 2. Spraberry sandstone section 
is usually 1000 ft thick over most of 
of Midland Basin with production 
in 200-250 ft of Upper and 400-500 
ft of Lower. 
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argillaceous limestone members. There 
have been numerous postulations rela- 
tive the presence of the fractures in the 
Spraberry section; however, it is ap- 
parent that after Pennsylvanian time 
and through middle Leonard time there 
was an apparent period of uniform re- 
gional quiescence which included the 
period during which the Spraberry was 
being deposited. Later, during middle 
Leonard time, there is evidence that the 
older pre-Permian semi-positive areas 
reoccured, evidencing themselves in the 
Clearfork section and especially so at 
the end of San Angelo Permian time, 
there being much truncation with back- 
and-fill occuring at the end of San An- 
gelo time. The movement necessary to 
develop these conditions should have 
been sufficient to cause fracturing to 
develop in the shale sections of the Spra- 
berry formation in conjunction with the 
regional westward downwarping and 
compaction. Therefore, assuming this 
condition did exist in conjunction with 
the accumulation of oil in the Spraberry 
sandstone sections, it is possible to 
visualize formation of a continuous, vast. 
fractured reservoir as now occurs in the 
“four-county” area of Midland, Glass- 
cock, Reagan, and Upton. 


Reservoirs 


None of the currently developed Spra- 
berry producing areas exhibit the 
presence of a clean-cut water table; 
however, some of the areas that show 
anticlinal type etructure do have a par- 
tial water drive for each sandstone mem- 
ber that will vary according to the de- 
veloped permeability. In the “four- 
county” producing areas where mono- 
clinal noses are associated with accumu- 
lation of oil the appearance of water in 
each sandstone member of both the up- 
per and lower Spraberry is usually of a 
connate type with water production 
ranging from zero to as much as 100 
per cent without due regard to its ap- 
pearance in a well relative to that wells 
proximity to other wells not producing 
water. Present reservoir data indicate 
that practically all of the Spraberry pro- 
ducing areas will be depletion type reser- 
voirs and that the degree of fracturing 
will determine the ultimate yield of such 
reservoirs. It should be noted, however. 
that the reservoirs in the “four-county” 
area that extend to the minus 4500 ft 
datum on top of the Spraberry, ( to the 
west of which the section gradually be- 
comes more water saturated until it is 
not commercially productive) should re- 
ceive a certain amount of water drive 
in conjunction with gas expansion and 
enjoy a larger ultimate recovery of oil 
per acre than the productive area updip 
to the east. 

Conclusion 

In conclusion it is still apparent that 
much more factual reservoir data will 
be necessary before we can satisfactorily 
evaluate the potentialities of Spraberry 
reservoirs, it being evident that some 
method or device must be introduced to 
properly measure and determine the 
contributing value of the fractures in 
the Spraberry section to supplement 
other factual data. kk * 
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HERE are ten major types of Hyatt 

Hy-Loads —the high capacity cyl- 
indrical roller bearings for radial or 
light or intermittent thrust loads. 


Four of the ten Hy-Loads have sep- 
arable inner races, two have separable 
outer races and four are non-separable. 
Made in two diameter series, wide and 
narrow widths, to standard boundary 
dimensions, they permit wide flexi- 
bility in machine design and assembly 
procedures. 


Typical of the Hyatt-Hy-Load line, 
the U-TM bearing, one of the non-sep- 
arable types is illustrated and shows 
its full complement of rollers for maxi- 
mum bearing load-carrying capacity. 

And all other types, too, are just as 
correct in their design and equally 
precision-built for the kind of depend- 
able bearing performance you expect 
from Hyatt equipped machines. Hyatt 
Bearings Division, General Motors 
Corporation, Harrison, New Jersey. 


To obtain more information on products advertised see page E-41 








Economics 





One of the larger Spraberry free pump central power installations, in the Weiner-Floyd field, 
is set up to provide for 15 Spraberry wells. 






Spraberry Poses Pumping Problem 


Operators Concerned About High Cost of Producing Spraberry Oil 


Tue word “Spraberry” is as stimulating 
to the average oil mind as is a double 
martini. It suggests something almost 
fantastic—the kind of an oil field of 
which speculators dream and geologists 
despair. And there is no question that 
Spraberry is a major discovery. The 
aerial extent of the field is over a mil- 
lion acres. It sprawls over eight of the 
larger counties of West Texas and is 





*Pacific Coast editor. 
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RICHARD SNEDDON* 


actually eight times as big as the entire 
East Texas field. 

But there is a hitch or two that for 
some operators, at least, is turning the 
dream into a bit of a nightmare. The 
cost of producing Spraberry oil is, for 
several reasons, unduly high. In the first 
place, the producing formation is from 
7000 to 8000 ft deep, which makes drill- 


EXCLUSIVE 
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ing costly. In the second place, surface 
conditions make transportation an un- 
comfortable and expensive business. 
And, most important of all, the produc- 
tion of many wells is dropping off at a 
distinctly alarming rate—fast enough, 
indeed, to make it very doubtful whether 
these wells will ever pay out. 

The result of this situation, of course, 
has been to excite all sorts of experi- 
mentation in ah effort to increase the 







































Y CHECK an 
// DOUBLE CHECK with the 


.. EASTCO SELF-CHECKING . 
MECHANICAL DRIFT INDICATOR ' 





There are other drift indicators, but Eastman, 





and only Eastman makes one to DOUBLE 
CHECK itself (2 readings) with a 40-second 
interval between. 








No batteries, light bulbs or photo sensitive 
discs are used. The Eastco Self-Checking Drift 
Indicator is COMPLETELY MECHANICAL. 











4 ’ 

This instrument is the smallest drift indicator Here Is reproduction of . 
on the market. It can be go-deviled or lowered drift indicator disc, actual 
into the hole on any conventional line. size y showing both record- 

Operators may contract for this instrument on ings 43° off vertical.” 


a daily or term rental basis at a nominal 
charge. Call the nearest Eastman office for 
details and a demonstration. 





EASTCO 
Self-Checking 
Mechanical Drift 

Indicator 

















22 offices for your convenience 
— Consult your Telephone Ditectory 





LONG BEACH: DENVER~- HousTON 


Export Sales and Service: EASTMAN INTERNATIONAL COMPANY 
P ©. Box 1500 @ Denver, Colorado 








THE PETROLEUM ENGINEER, July, 1952 To obtain more information on products advertised see page E-41 B-43 





A hydraulic free pump being removed from a Spraberry 

well (Tex-Harvey field). Unit has been circulated to the surface 
from 7200 ft in less than two hours. It was run back in 

the well with an extension which carried a pressure bomb so that 
an operating bottom hole pressure survey could be obtained. 


yield and reduce the costs. Completion 
practices of wide variety have been used, 
but without so far arriving at any stand- 
ard for the field. It is stated by informed 
persons that among drilling-in fluids 
that have been tried are water, mud, oil, 
air, and even carbonated water. Despite 
these efforts, however, the gas-oil ratio 


of production increases very rapidly and 
the flowing life of Spraberry wells is 
disappointingly short. 

It is estimated that of approximately 
1000 wells completed in the field to date, 
200 are already on the pump, and as 
might be expected, operators are de- 
voting much time and study to the eco- 


A nearly-completed central power plant for a free pump equipped lease 
in the Weiner-Floyd field. Tall tank in battery setting, background, is used for 
setting crude to provide hydraulic power fluid. 





B. C. Pruett, pumper for Tide Water Associated Oil Company 
in the Weiner-Floyd field, is shown checking the pump 
stroke rate of hydraulic free pump. This check can be made at 
the wellhead (as here) or at the central power controls. 
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nomics of Spraberry. An important con- 
sideration in the general category of 
production costs, and it comes in for 
consideration early at Spraberry, as al- 
ready intimated, is the choice of pump- 
ing method. Obviously, where the pro- 
ductive life of the wells is likely to be 
short, the initial purchase price of pump- 
ing units together with subsequent op- 
erating and maintenance costs must be 
kept at a minimum, and the smart opera- 
tor, under such conditions, also takes 
full cognizance of the salvability factor. 
Can the pumping unit” be retrieved 
easily and, at justifiable cost, be used 
on another well when ‘it is no longer re- 
quired at its present location? 

‘The economic analysis, of course, 
must take into account all the pertinent 
factors, which, in this case, include deep 
drilling with heavy equipment; deep 
pump settings with early pump-off; high 
gas-oil ratios, and unusually severe 
paraffin deposition in the production 
tubing, all of which have to be charged 
against the value of the recovered oil. 

It is to be noted that a surprisingly 
high proportion of the operators in the 
field have resorted to the use of free- 
surfacing hydraulic pumps in an effort 
to keep costs down. Of the 200 wells now 
on the pump, approximately 65, or 
about one-third are equipped with this 
type. The free pump is a relatively new 
device—it has been on the market for 











it ae 


Wellhead in Germania field in which parallel free 
pump tubing strings were run by drilling crew. Well is 
flowing through larger of two strings. On pump, standing 
valve will be dropped in large string, wellhead 

fittings completed, and free pump circulated to bottom. 


only about five years—which makes its 
acceptance in such generous quantities 
something to ponder. It marks a distinct 
departure from the conventional meth- 
ods of well pumping, but it is based on 
widely understood principles and is so 
easily operated that it immediately sug- 
gests itself to the operator with a pump- 
ing problem. 

One of the appealing features to the 
Spraberry operator is the facility with 
which the bottom hole pump can be run 
and surfaced. The mere turn of a valve 
is all that is required to circulate the 
unit in or out of the hole. The circula- 
ting fluid is crude oil, and the same oil is 
used to power the hydraulic engine end 
of the pump after it has been locked on 
bottom. On any one lease, the source 
of this power can be at™a convenient 
central location, usually at the lease 
tank-battery, whence it then becomes 
possible to control the free pump in each 
individual well. 

No doubt, one of the influencing fac- 
tors in the choice of free pumping in 
the Spraberry trend is its low initial 
investment cost. This, together with 
the promise of attractive operating and 
maintenance costs and high salvage 
values, gives the whole package a spec- 
ial value for the area. The Spraberry 
leases are widely scattered, and the in- 
tervals between are spanned by roads 
that have been charitably described as 
“primitive.” This, needless to say, adds 
much to the expense of well pulling, and 
hence adds correspondingly to the ad- 
vantages of the pumps that are brought 
to the surface without the use of any 
heavy equipment and are so light that 
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they can be transported anywhere with 
little difficulty. 

The paraffin problem for the Spra- 
berry free pump operator is also readily 
handled without the necessity of calling 
in a servicing crew. The parallel string 
arrangement, which permits the circula- 
tion of the pump in and out of the well, 
also permits the circulation of soluble 
plugs through the paraffin deposition 
zone. The plugs are solid enough and 
rigid enough to scrape paraffin from the 
tubing walls, and yet, because of their 
solubility, can be left in the well. The 
operation of running the plugs is a very 
simple one and can be performed by the 
regular lease pumper in a very short 
time. 

The high salvability factor in the free 
pump system is due to the fact that there 
are few moving parts involved. Within 
the well, less than 25 lb of metal are in 
motion when the free pump is in action, 
so it requires very little replacement 
material to put used equipment in new 
condition. By the same token, transpor- 
tation and handling, because of the 
minor weights under consideration, are 
correspondingly simple matters. 

Beyond offering Spraberry operators 
a solution to their pump equipment 
problems, the free pump system has a 
few other advantages that enhance the 
appeal of the equipment. One of these is 
the ease with which bottom hole pres- 
sure and temperature recordings can 
be obtained for either static or oper- 
ating conditions. The procedure requires 
only that the free pump be surfaced and 
an extension (bomb cartridge) be 
screwed to its lower end. With the bomb 


Free pump wellhead in the Pembrook field. Power oil line (for operating 
free pump and for running and surfacing it) enters 4-way valve well 
head control from left side of photo and flow line is tied into right side. 
Small line which by-passes 4-way valve is used when running 

soluble plugs (for paraffin control) in flow line. 







Spraberry 



























































An important element of the hydraulic 
free pump system is the tank that must 

be installed to provide clean power oil for 
the system. Typical power oil tank 
installation is shown here. All crude oil 
from wells goes through gas boot into 
bottom of three ring tank. Stock oil is 
drawn off about center of tank and 
power oil off near top to power unit. 
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Clean Out Better With 
























Pump O. D. sizes are: 
2%, 3, 3%, 4%, 5, 5% 
and 7 inches. 20, 25 and 
30 ft. length. Strong bail 
welded to heavy seam- 
less steel tube. Heavy 
grooved plunger assures 
_ liquid seal. Wire line di- 
rect connected to plunger 
for great suction. 
~ (MILLER BAILERS 
Bailer O. D. sizes are: 
3,3%,4%, 5and 5% 
inches. 20, 25 and 30 ft. 
length. 


Miller Sand Pump Co. 


Office Box 4516 
1524 SE 29th St. 


OKLAHOMA CITY 9, OKLA. 
EXPORT OFFICE 
30 Rockefeller Plaza 
NEW YORK CITY 20, N. Y. 


See Composite Catalogue 
Page 3365 





























































Greatest Name 
in Cable Tools: 


Over a Half-Century's 
Foundation of Acme 
Specialized Experience 
in Cable Tools IS Your 
Constant Assurance of 
Their TRUSTWORTHY 
Field Service. 


_Write for Catalog and Prices 


ACME FISHING TOOL CO. 


PARKERSBURG W. VA. 
Export Office: 


inserted in this extension, the whole 


unit is circulated to bottom. As the free 
pump begins operating, the bomb is ex- 
posed to temperatures and pressures 
that exist in the casing at the level of 
the pump setting. If a static reading is 
required, the operation of the free pump 
is stopped about five minutes after start- 
ing. Most operators, however, have been 
interested in getting bomb charts that 
reveal how rapidly the well draws down 
and stabilizes at a given rate of pump- 
ing. Usually, less than two hours are re- 
quired either to run or surface the 
bomb, so even with a 24-hr clock ele- 
ment the operator can get bottom hole 
readings for most of the time the bomb 
is in the well. 

Another rather unusual feature of the 
system, which has proved of value in 
some instances, is the manner in which 
debris (rope, rubber, plastic, etc.) left 
in the well can be screened from the in- 
take of the pump. For this pumping 
hazard, a screen is put in the bottom 
tube of the free pump and through it 
must pass all incoming fluid. If and 
when the screen becomes plugged with 
solid material, the fact can be recog- 
nized at the central controls of the sys- 
tem. All that is required to correct it, 
is to circulate the free pump to the sur- 
face, clean off the screen, and return the 
unit to the bottom. 

The difficult conditions that are mak- 
ing operation in Spraberry a doubtful 
pay-out venture, have thus simultan- 
eously exercised the operators to a care- 
ful examination of pumping methods. 
The generous use of the free-pumping 
system in these early stages would indi- 
cate that it is satisfactory for the condi- 
tions that prevail in this field, both from 
a functional and economical viewpoint. 
Certainly, it will eventually provide a 
sizable accumulation of data on which 
to base some interesting pumping 
method comparisons. kkk 





B-A Plans Search for Oil 
In Northwest Canada 


The British American Oil Company, 
Ltd., in its continuing search for areas 
in which to explore for the production of 
oil and gas, has received exploration 
permits totalling in excess of 1,800,000 
acres in the Northwest Territories of 
Canada near the junction of the Liard 
and MacKenzie Rivers. 

A preliminary evaluation of these per- 
mits will be undertaken this summer 
by means of geological field and survey 
parties along with an anticipated core 
drilling program. The parties will be 
services by helicopter probably based at 
Fort Simpson. 

Several million additional acres have 
been staked but the final grant from 
Ottawa has not been received at this 
time. 

These operations will be conducted 
jointly with the Hudson’s Bay Oil and 
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MAY HAVE THE 
KIGYT MNSWER 


... from 4 HP to 240 HP... 
from 20 bbls to 17,000 bbls... 
from 200’ to 10,000’ and more... 
Yes, a REDA may do that pump- 
ing job BETTER... 


Reda Pumps are accepted as 
original equipment, or replacement 
equipment, because they produce 
at a lower cost per barrel of fluid. 
Whether it’s large volumes from 
shallow depths, or modest volumes 
from great depths, Reda Pumps 
provide operating savings. 


IMPROVED DESIGN: 


Constant research and design 
improvement are responsible for 
lengthened operating life; corro- 
sion resistance, low labor cost 
per barrel of fluid produced. 


IMPROVED EFFICIENCY: 


Greatly improved overall effi- 
ciencies have improved. Reda 
performance as much as 25%; a 
substantial operating saving. 


Tf you have a pumping problem, 
our engineering staff is always 
ready to assist you. Phone or write: 


PUMP COMPANY 
s 





Gas Company Limited. 











19 Rector St., New York 6, N.Y. 
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| BARTLESVILLE, OKLAHOMA 
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To obtain more information on products advertised see page E-41 
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of casing low, ‘don’t take a chance on losing a string of 
casing in a dry hole. The Johnston Open Hole Tester can 
save that string of casing for you by determining your 
well’s productive possibilities. 
ility of this Tester has been proved in- at 
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‘OHNSTON TESTERS, INC. 


5702 NAVIGATION BLVD. HOUSTON, TEXAS 


# EXPORT DIVISION: 3035 Andrita St., LoswAngeles 65, California 
SERVICE BRANCHES IN ALL ACTIVE AREAS 
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| Exploratory Activity in the Permian Basin’ 


Geophysical work and drilling have shown startling increases 
recently in West Texas-New Mexico area; 700 rigs in operation 


H. L. SWORDS* 













Since the beginning of World War II, activity throughout the country, with the have increased 60 per cent in the same 
with the exception of 1949, the trend’ Permian Basin area of West Texas and period. In 1942 there were 210 seismic 
has been toward increased exploratory southeastern New Mexico being among crews and 50 gravimeter crews in the 


. a ; the leaders. United States, as compared with ap- 
; +Presented before the first annual meeting of niet - ‘ i x 

the Permian Basin Geological Society, Midland, Seismic activity has increased almost proximately 600 seismic crews and 80 

Texas, May 17, 1952. i i is- 

Tiniecinin Gershosieiet, Galen O8 Comm 300 per cent during the last 10 years, gravimeter crews today. Of the 600 seis 

pany of California. while gravimeter crews in operation mic crews, 130 of them—which repre- 











NEW FIELDS — WEST TEXAS — JANUARY 1- MAY 1, 1952 


: Producing Method of — 
Name Location Depth, ft. horizon Potential Field discovery 


1 Ashmun and Hilliard No.1 Jones 1998 FNW & 1993 FSW TD 4,124 Clear Fork Tubb sand F 172 BO/24 br South “Y” Subsurface 
Crane Co, Sec 12-3-H&TC 
2 Atlantic No. 1-B Noelke 
















































660 FN & FE TD 8380 Ellenburger F 22 BO/24 hr Monte Seismic 
IrionCo. Sec 1-GC&SF Abst No. 148 PB 7,792 Strawn 7413-66 
3 Humble No. 1-Williams 1980 FN & 660 FW TD 7,264 Strawn Strawn Lime F 311 BO/24 hr Dove Creek Seismic 
TrionCo. Sec 1197-TCRR 7236-46 South 
4 Ard and Stanolind No. 1 Masterson 1980 FS & FW TD 4,371 Canyon Canyon P 132 BOPD+24 BW Tom B. Seismic 
} _ King Co. Sec 1-TW&NG 4356-59 (Upper C. L.) ; 
‘ 5 Cities Service No. 1 Gregory 1980 FS & FW TD 11,945 Ellenburger Mississippian P 52 BOPD+53 BW North Welch Seismic 
Lynn Co. Sec 12-C-41-PSL PB 11 "260 Mississippian  11,156-70 
6 Deep Y Rock No. 1 MeWhorter 600 FN & FE TD 7, 850 Spraberry Spraberry P 11 BO/24 br+15%W ‘Prep to plug 
Martin Co. Sec 31-35-1N 7800-50 
7 Henderson No. 1 Burton 330 FN & FW TD 2,418 Yates Yates Sand P 6 BO/24 hr+60%W Henderson Subsurface 
Pecos Co. . Sec 3-112-TCRR PB 2,372 Yates 2350-72 Pecos 
8 Henderson No. 1 Hines 2310 FN & FE TD 2,300 Yates Yates Sand P 5 BO/24 hr +50%W  Henderson-Pecos Subsurface 
Pecos Co. ; Sec 7-112-TCRR PB 2,276 Yates 2269-76. or Hines-Yates 
9 Pan American No. 1 Currie 1980 FS & 467 FW TD 3,480 Palo Pinto oes Pinto F 402 BOPD Unnamed 
Runnels Co. Sec 163-A-166-ETRR 


10 Restal No. 1 Williams TD 4,276 Strawn Gariner Sand F 81 BOPD Unnamed 



























































Runnels Co. : 4226-32 
11 Texas Co. No. 1 Bubenik TD 5,483 Canyon Canyon Reef (?) F32BOPD Bubenick 
’. Lauders Survey PB 5,455 Canyon 5440-54 Penn. 
12 General Crude No. 1 Webb 660 F N & 1970 FW TD 5,612 Canyon Canyon Reef F 363 BOPD Claytonville 
Fisher Co. Sec 210-3-H&TC 5590-5612 
13 Evans No. 1 Terry 660 FS & FW TD 6,379 Ellenburger Canyon P 46 BO/24 hr 
Fisher Co. Sec 262-3-H&TC PB 5,406 Canyon 5312-82 29% Wer. 
14 Mar-Tex Realization No. 1 Boothe 330 FS & FW TD 5,215 Canyon Canyon Sand F 152 BOPD No. Lake Trammell 
Nolan Co, Sec 76-22-T&P 5207-14 
15 Cree No. 1 McMillan 660 FN & FW TD 3, 940 owe L. Fry Sand F 288 BOPD No. Clayton 
_ Runnels Co. Sec 2-Losoyo Survey No. 515 PB 3,705 Stra 3656-64 f ; 
16 Sinclair No. 6 McElroy Ranch 1980 FS & FE TD 12, 867 Ellenburger Pennsylvania F 65 BO/24 hr Wilshire ? Seismic 
omg Co. Sos See 132-D-CCSD&RGNG PB 9,953 Pennsylvanian 9810-75 Penn ce 
17 Gulf No. 1 NNN University 1980 FS & 660 FW TD 12,628 Ellenburger Ellenburger F 1015 BO/24 hr Triple “NNN” Seismic 
Andrews Co. Sec 21-9-University Lands PB 12,600 Ellenburger 12,520-75 
18 Ryan Commend No. 1 Peters 660 FN & FE TD 7, 198 Spraberry Spraberry P 8 BO+-1% W/24 hr Unnamed Subsurface 
Martin Co. Sec 11-36-18-T&P. 7088-198 
19 Rasnick No. 2 Ellwood Est 295 FNE & 1306 FSE TD 1,328 Triassic (?) Triassic (?) P 61 BO+74% Wtr PD Hurlburt Shot Holes 
Mitchell Co. Sec 4-16-SPRR 130-132 ; 
20 Atlantic No. 1-137 Sugg Est 660 FN & FE TD 8,260 Wolfcamp U. Wolfcamp F 68 BO+2% WtrPD 7-D Ranch Seismic 
Reagan Co. Sec 137-2-T&P PB 7,630 Wolfcamp 7570-7600 Wolfcamp 
21 Humble No. 1 Poe 1400 FS & FW TD 4,488 Strawn Goens Lime F 408 BOPD Poe 
Runnels Co. CTRR Sarr No. 71 4442-48 : 
22 Tome Co. No. 1-B Jones 660 FN & TD 7,900 Clear Fork Clear Fork F 56 BO/24 hr Unnamed Seismic 
es Co. Sec 154-4-COSD&RGNG PB 7,856 Clear Fork 7456-66 
23 Fullerton No. 1 McIntosh 660 FS & FW TD 6,820 Ellenburger Strawn Lime , 13000 MCFGPD+ Unnamed 
Schleicher Co. Sec 82-K-GH&SA PB 6,186 Strawn 5730-56 1 Bbl dist 
24 —— iy 1-A-Allen 660 FS & FE TD 8,410 Ellenburger Strawn F 265 BO/24 hr Allen-Holiday 
See 75-20-La Vaca Nav. Surv. PB 7,470 Strawn 7449-51 (Penn) 
25 Texas Gulf No. 1-10 University 330 FS & FE TD 2,920 Yates Yates F 35 BO/24 hr Wickett Subsurface 
Sec 14-16-Univ. Lands PB 2,774 Yates 2698-2748 So. Yates ; 
26 Greenbriar No. 1 Windham 660 FS & FW TD 13,152 Ellenburger Wolfcamp F 450 BO/24 hr Unnamed Seismic 
Upton Co. ; See 108-D-CCSD&RGNG PB 9,117 Wolfcamp 9038-70 
27 Mid Continent No. 1 Smith Ranch 660 FS & FE TD 5,086 San Andres San Andres F 24 BO/24 hr Unnamed Subsurface 
Cochran Co. Sec 15-W-PSL PB 5,032 San Andres 4955-85 
NEW FIELDS — NEW MEXICO — JANUARY 1- MAY 1, 1952 
1 ae No. 1 Chesher 1980 FS & W TD 7,695 Pre-Cambrian Abo F 144 BOPD Unnamed Seismic 
Lea Co. Sec 12-218-37E PB 7,516 Abo TP 6916 : 
2 Austral Oil No. 1 McGrail 660 FN & 1980 FE TD 4,802 San Andres San Andres F 105JBOPD Unnamed Random Drie. j 
Roosevelt Co. Sec 18-85-38E . TP 4610 > 
3 Jackson, Douglas, & Ritchie No.1 660 FN & 1980 FE TD 10,189 Devonian Wolfcamp F/240 BOPD Unnamed Seismic e 
Lea Co. State Sec 27-108-32E PB 8,451 Wolfcamp TP 8390 iw: ? 
4 Phillips No. 1 Pello “B” 1980 FN & E TD 10,294 Penn (?) Wolfcamp I 178 BO/24 hr Unnamed Seismic | 
} Lea Co. Sec 20-148-32E PB 9,624 Wolfcamp TP 9564 ; 
4 5 Texas 7 1 Moore 660 FN & W TD 10,471 Devonian Devonian F 2904 BOPD Unnamed Seismic 
See 25-118-32E TP 10,375 gel 
6 Phillips No. 1 Pello “A” 1980 FS & 660 FW TD 10,335 Penn (?) Wolfcamp P 47 BO+14 BW 24hr Unnamed Seismic 
Lea Co. See 2-15S-32E PB 9,547 Wolfcamp | ya 8970 
7 O'Neill No. 1 State “A” 660 FS & E TD 9,724 Pre-Cambrian F 125 BO/24 hr Unnamed Subsurface 
Lea Co, Sec 36-208-38E PB 7,585 Abo +P. 7440 
: 8 D & E No. 1 State = 660 FS & 1980 FW TD 4,360 San Andres Grayburg P 43 BO/24 hr Unnamed Subsurface 
i Lea Co. Sec 32-208-39E PB 4,330 Grayburg TP 4292 
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b> “Flaming 
~ Youth” 
e and the 
Mm “Flapper” 
> “ got & 
x lot of §% 
attention] 
then— ff 


were already popul 
with many operator: 


they were good then — 


Back when the flapper was a leading topic of conversation, 
many good operators were expressing their satisfaction with 
the packers which—a few years later—bore the Lane-Wells 
name. They were good packers. 


they’re better today — 


A lot of real packer engineering has gone into the many 
major improvements of today’s Lane-Wells Packers. Advances 
such as the FLOPAK Valve Seal, which functions even with 
junk on the seat; the famous FLOSEAL Packing Element, which 
gives leak-proof packoff against high pressures, up to 300° F 
the SLYDEZE Slips, which practically eliminate stuck packers 
due to slip-to-cone friction, and many others. 


Ask Your 
Lane-Wells 
Man about 


, f/f 
Jomserows feel Mody! 
General Offices, Export Offices and Plant © 5610 So. Soto Street, Los Angeles 58, Calif. 
LOS ANGELES ¢ HOUSTON * OKLAHOMA CITY © LANE-WELLS CANADIAN CO.IN CANADA © PETRO-TECH SERVICE CO. IN VENEZUELA 
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sents 22 per cent of the total number of 
crews in the country—are operating in 
the West Texas-southeastern New Mex- 
ico area. Of these 130 crews, 80 of them 
are in West Texas and 50 in southeast- 
ern New Mexico. 

About this time of year, there is a 
considerable amount of shifting of the 
seismic crews, due to several situations 
peculiar to West Texas. Twice a year, in 
June and December, Texas University 
Lands auctions parcels of land. The 
land offered for lease is put up at the re- 
quest of one or more companies, usual- 
ly after seismic work has indicated a 
drillable structure. 

Some six weeks or two months prior 
to the sale, University Lands publishes 
an announcement listing all lands to be 
up for lease, and suggests that these 
lands be investigated by anyone inter- 
ested. At this time, companies that have 
no shooting, or insufficient shooting, in 
the area, send in their crews to detail 
the available blocks of acreage. During 
the past few weeks somewhere in the 
neighborhood of 13 seismic crews have 
been operating in and about Block 1, 





where three drilling blocks in Block 1 
were auctioned in Austin on June 6. 
This amount of exploratory effort results 
in rather spirited bidding at the sale 
and drilling blocks with bonuses of 
more than $1,000,000 are no longer un- 
common. 

As a result of the forthcoming land 
sale, Andrews County leads West Texas 
in seismic activity. In general the crews 
are fairly evenly divided between the 
Eastern platform, Midland basin, and 
Central basin platform. There are four 
or five crews operating in the Plainview 
basin, with about the same number in 
the black shale basin. Several seismic 
crews are attempting to shoot on the 
Texas side of the Delaware basin. Most 
of the gravimeter crews in West Texas 
are in the Delaware basin. Around this 
time of year, with the lambing season al- 
most over, a number of crews will move 
south for the summer. ‘Several good dis- 
coveries last year, plus available Uni- 
versity acreage, and the apparent suc- 
cess of pattern shooting on the Edwards 
plateau combine to make this an at- 
tractive area. 


University Lands, 


Andrews 


County, 


A good part of the increased geophy- 


sical activity in the area is due to the 
high percentage of seismic success in 
southeastern New Mexico. A year ago 
there were approximately 30. seismic 
crews in New Mexico, while today there 
are more than 50. More than half of 
these crews are operating in the north- 
ern part of Lea County. About six seis 
mic crews are working in the Delaware 
basin, while two magnetometer crews 
are in the area immediately west of the 
San Andres Mountains. 

Drilling activity in the area has kepr 
pace with, if not exceeded, geophysical 
activity. Current drilling in West Texas 
and New Mexico is some 15 per cenit 
higher than last year, with more than 
700 drilling rigs in operation today. 
More wells have been drilled during the 
first three months of 1952 than during 
the entire year 10 years ago. 

During 1942 only 134 exploratory 
wells were drilled in West Texas, of 
which 32 were successful. During the 
first four months of 1952 a total of 310 
exploratory wells have been completed; 
and 75 have been successful. Southeast- 
ern New Mexico figures are just as im- 
pressive. Ten years ago 6 out of 35 ex- 
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Name 


Location 


Depth, ft 


Producing 
horizon 


Potential Field 





1 Tidewater No. 2 Barnsley 


Crane Co. 
2 Fuller No. 1 Wharton 
Gaines Co. 
3 West No. 3 Mittel 
Schleicher Co. 
4 Republic Nat. No. 2 Amer. Rep. 


Upton Co. 
5 Magnolia No, No. i Nolley 
An 
6 Magnolia Ne. 8 Murphy 


orden 
7 Hickok & Reynols No, 1 McQueen 


8 Humbte No. 1 Newsom 
Runnels Co. 

9 So. ay No. 1 Jay 
Fisher 

10 Sun No. 21 i. H. Jameson 


Coke Co: 
1l Brown and Thorp No. 1 Sanders 


Pecos Co. 

12 Fuhrman No. 1 Humble-Shearer 
Pecos Co. 

13. American sadn No. 2 Bridwell 
Runnels 

14 Bouchard and Callihan No. 7 David 
Runnels Co. 

15 Geochemical Surveys No. 1 Wood 
Runnels Co. 

16 Superior No. 6-597 Jones 


Borden Co. 
17 Texas Co. No. 194 Fuller 


Scurry Co. 
18 Kerr-McGee No. 1 C University 
Andrews Co. 
19 Texas Co. No. 198 Fuller 
Co. 


Scurry 
2) — ~ "No. 4 Moody 


21 ‘Ard. fs Stanolind No. 14 Masterson 
King Co. 


1210 FN & 2140.FE 
Sec 42-32-J. F. Cross No. 2 
2173 FN &E 

Sec 23-A-21-PSL 

1650 FN & 3087 FE 

Sec 77-TT-TCRR 

660 FN & E 

Sec 6-40-5S-T&P 

660 FN & 1736 FW 

Sec 314-7-Gaines CSL 
1579 FS & 1680 FE 

Sec 69-25-H&TC 

ee ee a a 
Sec 450- a 

467 FS “Y 

B. G. Hall * No, 437 
330 FS & FE 

Lge 317-El Paso CSL 

2033 FS & 660 FW 


330 
Sec 32-11-H&GN 
990 FSE & 330 FSW 
See 43-10-H&GN 
3910 FN & 330 FW 
J. Smith Survey No. 6014 
2330 FS & 1936 FW 
Sec 330 F. J. Ford Sur. 
~ FN & FE 
A. Losoyo Survey No. 515 
1980 FN & 2230 FW 
See Lye 
1988 FS & 2003 F 
See sipenaTC. 
2007 FN & 667 FE 
Sec 23-11-Univ. 
1980 FN & FW 
See 1-97-J. A. Kukendall 
990 FSE & 2310 FNE 
Sec 32-34-H&GC 
660 FN & 1980 FW 
Sec 18-Sam Lazarus Sur. 


TD 4, as Clear Fork 

PB 29 63 San Andres 
To 5. o90 Glorieta 
PB 4,855 San Andres 
TD 6,704 Strawn 
PB 6,207 Canyon 
TD 13,104 Ellenburger 
PB 8,610 L. Permian 
TD 9,270 Wolfcamp 
PB 8,165 Wichita-Albany 


TD 4,861 Strawn 


TD 4,232 Strawn 
PB 3,935 Palo Pinto 
TD 3,652 Cisco 


TD 6,012 Strawn 


2» 3,017 Clear Fork 
'B 2,480 Glorieta 

TD 1,916 San Andres 

PB 1,872 San Andres 


TD 4,512 Strawn 


TD ‘ poo Strawn 

B 3,980 Strawn 
TD 8, el Ellenburger 
PB 7,980 Detrital 
TD 7,787 Ellenburger 
PB 6,918 L. Canyon 
TD 9,200 Ellenburger 
PB 6,507 Clear Fork 
TD 7,969 Ellenburger 
PB 7,198 Strawn 
TD 2,685 Yates 


TD 4,439 Canyon 
PB 4,113 Cisco 


750-64 
Canyon Sand 
6122-45 
Spraberry 
7660-865 
Wichita Albany 
8129-59 
Clear Fork 


4291-339 


Goens Lime 
4840-60 

Palo Pinto 
3833-45 
Flippen Sand 
3553-59 
Strawn Sand 
Glorieta 

234 


0-80 
San Andres 
1852-72 
MeMillan Sand 
2499-502 
Strawn 
4508-11 
U. Gardner 
3843-47 
Detrital 
7961-79 
L. Canyon 
6902-18 


Clear Fork 
6480-500 


Strawn (?) 
7088-7120 


Yates Dolomite 


2674-85 
Bunger Sand 
4082-86 


F 26 BOPD 

P 124 BO/24 br 
F 383 BOPD 

P 38 BOPD Pegasus 

F 118 BO/24 br Nolley 

P 161 BO/24 br Von Roeder 
F 442 BOPD Bronte 

P 46 BOPD Tyree 

F 140 BOPD Roby 

F 99 BOPD 

P 20 BO+10 BW PD 
F 15 BO/24 hr 

F 254 BOPD 

P 76 BOPD 

F 592 BOPD 

P 39 BO+19 BW/24 hr Fluvanna 
P 24 BO+6 BW/in. Cogdell 
F 78 BO+26% W/24 in. Martin 
P 125 Fe _ Cogdell 
FE Hobo hoa W/24 hr French Ward 
P 146 BOPD 


South Sand Hills 
Robertson 
Neva West 


Jameson 
Sanders 
Shearer 
Lindeman 
Winters 


So. Crews 


Tom B. Bunger 
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| Caen No. 5S Wentz 
2 Carter No. 1D Hill-Federal 
Lea Co. 
3 ae 4 3 Mexico “ 
4 Magnolia No. 14 Carson 
5 netpeee 5 No. 2 Elliot-Federal 
Buffalo No. 12-B Baish 
a Co. 
7 Stanolind No. 11X State 
Lea Co. 
Texas 7 1 Penny-Federal 


Lea 
9 Skelly Ne ‘1 Mexico “O” 
Lea Co. 


330 FS & 990 FW 


731 EA, & 1909 FW 
Sec 3: 


218-37E 
1650 +s & 330 FW 
See 1-218-37E 
Foyt FS & 860 FW 


178-32E 
810 ix & 2030 FW 
Sec 4-195-38E 
1980 FS & 660 FE 
Sec 5-258-38E 
1650 FN & 330 FE 
See 6-258-38E 


TD 8,370 See 
PB 7,340 Abo 
ey 7,484 Devonian 

B 7,345 Devonian 
1D 10,320 Ellenburger 
PB 8,790 Fusselman 
TD 8,220 ee 
PB 7,990 Abo 


TD 8,613 Simpson 
PB 6,025 Tubb 
TD 13,573 Devonian 


TD 8,160 aie 
TB 7,020 A 

TD 9405 Fretman 
PB — Devonian 
TD 6,997 Abo 

PB 3, 936 Queen 


Abo 

TP 7218 
Devonian 
TP 7150 
Fusselman 
TP 8710 


Abo 

TP 7258 
Blinebry 
TP 5840 
Devonian 
TP 13,548 
Drinkard 
TP 6425 
Devonian 
TP 8167 
Queen 
TP 3670 


F 524 BOPD 
- F 823 BO/24 hr Teague-Ellenburger 

F 1996 BO/24 hr Gilbert 

F 66 BO/24 hr 

F 135 BOPD 

F 578 BO/24 hr Maljamar 

P 65 BOFD+54 BW Hobbs 

F 611 BOPD Gilbert 

P 82 BO/24 br Gilbert 


Drinkard 


Brunson 


Blinebry 
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tydraul ic OPERATION 


Rams are opened and closed by hydraulic fluid under pressure. 
Quick, convenient and readily adaptable to a wide range of control hook- 
ups. Shaffer Hydraulic Gates are widely used on modern drilling operations. 


DOUBLE GATES SINGLE GATES 
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The Shaffer Hydraulic Double Cellar 
Control Gate provides ¢wo separate ram 
compartments—with hydraulically- 
operated rams—unitized into one 
compact body. Even in sizes as 


The Shaffer Hydraulic Single Cellar 
Control Gate can be used singly or with 
other Single or Double Hydraulic Gates 
to provide one—or multiple—ram com- 
partments, as desired. Requires only 
large as 1334” (12” Series 900) 184” overall height even in sizes as large 
it requires only 30” overall height as 1334” (12” Series 900) —smaller sizes 
—smaller sizes even less! even less! 


Rams are opened and closed by synchronized operating screws 
rotated by a compact motor drive—or rotated manually. Simple and com- 
pact, Shaffer Mechanical Gates are easy to install and give positive 
protection for today’s drilling operations. 





Bring your cellar con- 
trol gate problems to 
Shaffer, because only 


Shaffer provides such a 


The Shaffer Mechanical Double Cellar The Shaffer Mechanical Single Cellar 


complete selection of 
equipment to meet 


varying requirements — 


Control Gate provides two separate ram 
compartments—with mechanically-oper- 
ated rams—unitized into one compact 
body. Even in sizes as large as 133” (12” 
Series 900) it requires only 2814” over- 
all height—smaller sizes even less! 


Control Gate can be used singly or with 
other Single or Double Mechanical Gates 
to provide one—or multiple—ram com- 
partments, as desired. Requires only 
173%” overall height even in sizes as 
large as 1334” ( 12” Series 900) —smaller 


varying operator’s pref- 
erences... 


sizes even less! 


AN ADDED ADVANTAGE—Ram Blocks and Ram Rubbers for Shaffer Hydraulic and Mechan- 
ical Gates are interchangeable, size for size. Saves on inventories, simplifies maintenance 
wherever both types of Gates are used! 





See4your nearest Shaffer representative for full details 
oh the many unique advantages engineered into 
Shaffer Cellar Control Gates — or write direct! 

Seelpages 4525 to 4600 of your 1951 Composite Catalog. 
Write for your free copy of the new Shaffer Catalog. 
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EXTENSIONS — WEST TEXAS — JANUARY 1- MAY 1, 1952 








: Producing : ; 
Name Location Depth, ft, horizon Potential Field 
1 Abell No. 1 State-Brunson 4969 FNE & 330 FSE TD 5,527 McKee McKee F 220 BOPD Abell (McKee) 
Crane Co. : Sec 37-1-H&TC 5448-5527 
2 Brown & Thorp No. 1D Sullivan 330 FN & E TD 3,032 Clear Fork Clear Fork F 384 BO/24 hr Brown & Thorp 
‘ecos Co. Sec 70-11-H&GN 2993-3032! Clear Fork) 
3 Devonian No. 1 Sugg 660 FN & E TD 5,666 Spraberry Spraberry F 530 BOPD+5% W eddell 
i, See 162-2-T&P PB 5,654 Geesherry 0-54 
4 Continenta: No. 1 Flowers 467 FN & FE » 6,335 S — Canyon Sand P 73 BOPD+-17 BW F"owers (Canyon) 
tonewall Co. Sec 89-D-H&TC 4,305 C 4285-93 
5 Coline No. 1A Bledsoe 1787 FN & 440 FW TD 4,845 San ! iste San Andres P 62 BO+3% Wtr Bledsoe 
Cochran Co. Sec “¥ PB 4,831 San Andres 4714-4831 24 hr 
6 Hunter No. 1 Stagner 467 FS & FE TD 6,380 Strawn Strawn Sand F 141 BOPD Jameson 
Coke Co. : 8. M. Conner Survey PB 6,350 Strawn 5920-6075 
7 Abell No. 1A State-Riverbed 90 E’ly fr NW Cor TD 5,083 Fusselman Fusselman F 144 BOPD Abel) (Silurian) 
ecos Co. Lot 16-Riverbed 
8 Seaboard No. 1 Woodul 660 FS & 3000 FE TD 8,347 Wolfcamp Spraberry P 61 BO+10 BWPD Spraberry 
Dawson Co. 34-34-5N-T&P PB 6,910 Spraberry 6762-6910 
9 Hitchcock No. 1 Dunbar 1980 FS & 660 TD 7,268 Clear Fork San Andres F 158 BO+50% W24hr Tex-Mex 
aines Co. 5-A28-PS PB 4,360 San Andres 4310-60 
10 L. F. No. 1 Mahoney 660 FS & 1980 FW TD 5,947 Clear Fork Clear Fork P 39B0+4% W 24 hr Smyer 
Hockley Sec 53-P-C&MRR PB 5,917 Clear Fork 5822-5917 
11 Ada Oil Co. pe 1 Anderson 467 FN & FE TD 7, 550 Canyon Canyon Reef F 417 BOPD East Vealmoor 
owa' Sec 11-31-H&TC 7528-50 
12 Miama Guenting No. 1 James 200 FS & 2800 FE TD 2,507 Cisco MeMillan Sand F 211 BOPD Lindeman 
Runnels Co. N. Travis Survey Blk 18 2464-68 
13 Susan Pet. No. 1 Mitchell 227 FN & 1211 TD 4,435 Strawn Fry Sand F 124 BOPD Lloyd 
unnels Co. Sec 4414 F. Boyle Surv. PB 4,357 Strawn 4346-49 
14 Amerada No. 9 Mann 660 FN & 2173 FE TD 6,534 San Angelo San Angelo P 114 BO/24 hr Seminole San Angelo 
Gaines Co. Sec 220-G-WTRR 6352-534 
15 Western Natural No. 1 Cauthorn 760 FS & 1980 FW TD 10,362 Strawn Strawn F 5,000 MCFGPD 
Val Verde Co. Sec ~ yy PB 10,230 Strawn 10,180-224 
16 Chapman & McFarlin No. 2B Cogdell 273 FS & 49. TD 1,541 San Andres San Andres P 109 BO/24 hr Cogdell (San Andres) 
Kent Co. Sec TOOTHETC 1516-41 
17 Corte | Drig Co. No. 1 Knight 660 FN & FW TD 6,500 Clear Fork Glorieta P 135 BO/24 hr Harrison 
Gaines Co Les 8-A22-PSL PB 6,014 Glorieta 5965-6014 





* Extensions in the Spraberry Trend area of Glasscock, Midland, Upton, and Reagan counties not listed. 
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1 Amerada No. 1 Fred Turner-State 660 FS & FW TD 9,429 Pre-Cambrian McKee 
Lea Co. Sec 17-208-38E PB 9,217 Ellenburger TP 9012 
2 Amerada No. 1 EC “C” 1980 FN & FE TD 11,240 Devonian Devonian 
“a Co. Sec 11-128-32E TP 10,994 
3 Tidewater No. 1 Dora Meyers 660 FS & W TD 11,254 Pennsylvanian Abo 
Lea Co. Sec 33-168-37E PB 8, 365 Abo TP 8335 
4 ay No. . Lea State “H” 660 FS & E TD 10,904 Pennsylvanian Pennsylvanian 
f 9-1 PB 10,738 Pennsylvanian TP 10,560 
5 Welch & Yates No. 3 Welch 2310 FS & 990 FE TD 5,118 Yates Yates 
Eddy Co. Sec 5-218-27E TP 510 
6 Amerada No. 1 Raley 660 FN & W TD 9,240 Simpson McKee 
Sec 17-208-38E PB 9,230 Simpson TP 9104 
7 Sweet ( Oil Well Equip No. 1 Sidall 990 FN & 330 FW TD 3,958 Grayburg Grayburg 
Yo. Sec 7-208-38E TP 3810 
8 a No. 1 Elliot-Federal 1980 FN & 660 FE TD 8,691 Fusselman Fusselman 
ea Co. Sec 31-248-38E TP 8580 
9 Deka No. 1 James 230 FN & 1650 FE TD 2,748 Delaware Delaware Sand 
Sec 13-248-28E : TP 2740 
10 wi a 1 Cisco-State 330 FN & 1980 FW TD 8,326 Seven Rivers Seven Rivers 
Lea Co. Sec 8-21 E P 3808 





F 827 BO/24 hr 


F 521 BOPD 
(F 380 B/1714 hr) 
P 59 BO/24 hr 


Warren-McKee 
East Caprock 


East Lovington 


P 15 BO/24 hr So. Saunders 

F 100 BO/24 hr Cedar Hills 

F 594 BOPD Warren-McKee 
P 10 BO/24 hr Skaggs 

F 490 BOPD Gilbert 

P755 BO/24 hr Malaga 


P 100 BO/24 hr Wilson 








ploratory wells were successful. Up to 
the first of May this year, 28 exploratory 
wells have been successful and 39 dry 
holes have been drilled. Of the 103 
successful wells so far drilled this year, 
36 have discovered new fields, 29 have 
found new pays, and the remainder have 
been extensions. 

One of the most significant develop- 
ments in West Texas this year has been 
the interesting shows in the Devonian 
in the northern part of the Midland ba- 
sin. Two deep wildcats, the Magnolia- 
University well in Block 8, Andrews 
County, and the Coroco Number 1 At- 
las-Life in western Terry County have 
had very promising drillstem tests from 
the Devonian, and should encourage the 
search for Devonian oil in that area. The 
Magnolia well is currently being com- 
pleted from the Ellenburger, and is 
some 25 miles north of the closest E]- 
lenburger production in the Midland 
basin. 

Another important development has 
been the Canyon reef discovery of Gen- 
eral Crude in western Fisher County, 
and to a lesser extent, the possible ex- 
tension of the Sutton-Schleicher County 
reef trend into the northwestern part of 
Tom Green County, where The Texas 


B-54 


Company made a small discovery early 
this year. 

Other important discoveries for 1952 
were the Phillips Number 1-EE, Ellen- 
burger well in Block 12, Andrews 
County, and the Gulf-NNN well, also 
from the Ellenburger in Block 9, An- 
drews County. Probably the most pub- 
licized discovery this year was the Grish- 
am-Fee well in Culberson County, which 
had a potential of 6,267,000 cu ft of gas 
per day. 

The shallowest discovery of the year, 
which incidentally is definitely a seismic 
success, was the Rasnick Number 2 Ell- 
wood Estate well in Mitchell County. 
which was completed for initial poten- 
tial of 61 bbl oil per day, pumping. Oil 
was found in shot holes during a seismic 
survey of the area. Undoubtedly the 
most unique completion of the year was 
the McCormick No. 1 Ratliff in the Sun- 
flower Sand field, Mitchell County, 
which pumped 1614 bbl of 49 gravity 
oil in 10 hr with total depth of 234 ft, 
top of pay picked at 2 ft. Completion 
was natural and no casing was run. 

In New Mexico probably the most 
important development was the discov- 
ery of Siluro-Devonian oil in the Buf- 
falo-Baish well in the Maljamar field. 
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Although this well in itself is not a pro- 
lific producer, it indicates that the Si- 
luro-Devonian is a potential producing 
horizon in the Delaware: basin. Other 
important wells in New Mexico were 
the Amerada-ECC and The Texas Com- 
pany Number 1 Moore in northwestern 
Lea County, and the Amerada Number 
1 Fred Turner-State and Carter Number 
1-D Hill-Federal in southeastern Lea 
County. Although no large Permian dis- 
coveries have been made this year in 
either West Texas or southeastern New 
Mexico, the cumulative effect of the 
Permian discoveries is quite important. 

Most of the pre-Permian discoveries 
this year, as in the past, have been situ- 
ated on seismic surveys. Since present- 
day deep wildcats cost between $200.- 
000 and $500,000, it is certainly good 
policy that all available information be 
used in locating deep tests. 

Although first-class prospects are get- 
ting much more difficult to find, explor- 
atory statistics indicate that more dis- 
coveries are being made today than ever 
before and as long as the activity con- 
tinues at its present high level, there is 
no reason to believe that there will be 
any shortage of new discoveries in the 
Permian Basin for many years. * * 
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Responsibilities and Opportunities 


P 538. 


of Management in Water Flooding’ 


| SHOULD like to give you my impres- 
sions of the responsibilities and oppor- 
tunities of management in water flood- 
ing. 

Last November I told the engineers’ 
group of this organization what I 
thought was wrong with them. One thing 
[ recall was that they spent about 90 per 
cent of their time trying to impress man- 
agement rather than doing engineering 
work. To keep faith with the engineers 
I will have to tell also what I think is 
wrong with management. One thing is 
that he expects his engineers to spend 
90 per cent of their time trying to im- 
press him, and evaluates their work by 
the reports they write rather than the 
amount of oil they put into the stock 
tanks. 

Although water flooding has been go- 
ing on since about 1919 many execu- 
tives are in charge of a force trained 
and experienced in exploring for and 
producing primary oil. Some of you 
would not bat an eye at drilling an El- 
lenburger dry hole, feeling through ex- 
perience that you will eventually hit 
often enough to pay for the big losses. 
Yet the same individuals will plug and 
abandon an old oil field before they 
will spend the same capital looking for 
the same kind of money with about one- 
twentieth the risk. It is a matter of out- 
look and education. A water flood proj- 
ect should be considered as a new de- 
velopment rather than the salvage of 
an old one. 

Water flooding is a controversial sub- 
ject, even among those who have been 
producing oil by that method for years. 
| have no quarrel with those who dif- 
fer with me in their methods. They have 
worked out a system that produces oil. 
We are all looking for better methods 
to water flood but feel the time to ex- 
periment is after the investment has 
been returned and the flood is on a pay- 
ing basis. 

There is one thing on which we all 
agree, however, and that is we are sold 
on water flooding. We believe it is the 
most efficient economical method of pro- 
ducing oil known to date. By efficient 
we mean it will produce more oil at a 
profit. No doubt you could mine the 
formation and extract more oil but it 
would hardly produce a profit. We have 





+From a paper titled “History and Develop- 
ment of the South Ward County Water Flood- 
ing Projects” at the twenty-second annual 
meeting of the North Texas Oil and Gas Asso- 
ciation at Wichita Falls, Texas, March 29, 1952. 
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taken properties that were operated by 
primary methods for 15 yr, produced 
under vacuum another 10 yr, intensely 
repressured by air and gas for another 
10 yr and produced more oil by water 
flooding in the following 10 yr than 
had been produced by all three methods 
during the first 35 yr. 

Whether you are an individual, small 
company, or major organization, you are 
going to have to build your water flood- 
ing department. Few of you have it 
now. There are three methods by which 
you can do this. First, you could as- 
sign someone to learn it the hard way. 
To do this he should spend about six 
months visiting the localities where 
flooding is being done successfully. 
These would include Pennsylvania, Ar- 
kansas, New York, West Virginia, IlIli- 
nois, Kansas, Louisiana, Oklahoma, and 
Texas. En route he could read every- 
thing that had been written on the sub- 
ject. While this latter would probably 
do no harm it would tend to confuse. 
One of the reasons water flooding is in 
so much controversy is that too many 
well-meaning individuals, who have nev- 


_ er put a barrel of flood oil in the stock 


tanks, write articles on the subject as 
though they were experts. 

After you have spent this time you 
are by no means a finished water flood 
engineer. You are about in the same 
category as the college graduate with a 
diploma. You are just ready to go out 
and get some practical experience. 





The Author 





a. 

George L. Buckles is associated with 
the consulting firm of Buckles and Hos- 
tetler, specializing in water flood pro- 
duction, Monahans, Texas. A graduate 
of the University of Oklahoma with an 
AB and BS degree in geology, Buckles 
has had more than 20 years experience 
in oil. production work. 











The second method would be to em- 
ploy some competent water flood engi- 
neer. There are too few of these to go 
around. The third method would be to 
employ a good water flood engineering 
firm to teach your personnel. These are 
rather scarce also. 

The most difficult problem in water 
flooding is personnel and the larger the 
company the more complicated it be- 
comes. Let us assume you decide to wa- 
ter flood a lease you operated through- 
out its primary history. Your field or- 
ganization is established from your dis- 
trict superintendent down through the 
production foremen, lease pumpers, and 
maintenance crews. The drilling depart- 
ment is organized from the drilling su- 
perintendent down through the too! 
pushers, drillers, and roughnecks. The 
division engineering, purchasing, ma- 
terial, and other departments are avail- 
able for assistance. Suppose none of 
this organization is familiar with water 
flood operations and you employ or 
transfer a water flood engineer or ex- 
perienced water flood operator to super- 
vise the flood. 

Generally this man is not put in com- 
plete charge but is instructed to “work 
with” the established organization in a 
consulting capacity and have at his dis- 
posal the assistance of the various de- 
partments. Unconsciously the estab- 
lished personnel resents the intrusion 
of a newcomer. This man may know 
something about water flooding but he 
can’t show them anything about build- 
ing tank batteries, drilling wells, or 
producing oil. They intend to go right 
ahead and conduct all operations the 
same as they did under primary condi- 
tions. They consider then that this new- 
comer’s sole purpose is to build the wa- 
ter plant, which is really incidental to 
the overall water flooding picture: Ac- 
tually everyone’s thinking must change. 
The essence of flooding is to inject fluid 
into the formation and is the opposite 
of what these men have been trained to 
do; that is, take fluid out of the forma- 
tion. 

This water flood man is not conduct 
ing a forum. His purpose is not to sub- 
stantiate his procedure. He knows how 
he wants the wells drilled or converted, 
how he wants the water treated, what 
type and size of equipment is needed 
from pumps to meters, and how the 
equipment must be installed and op- 
erated to assure success. He does not 
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have time to explain to everyone why a 
certain piece of equipment or procedure 
is essential. The chances are if he or- 
ders certain types of meters, valves, 
pumps, filters, chemical feeders, etc., 
the purchasing department will acquire 
better equipment at a cheaper price 
even though it was designed for an en- 
tirely different purpose and would prove 
entirely inadequate. The production de- 
partment will not believe him when he 
tells them he expects to produce such 
large quantities of fluid. This invariably 
results in an entire conversion of tub- 
ing, rods, motors, pumps, and pumping 
units. I don’t advocate doing away with 
this personnel or the various depart- 
ments. These old timers know more 
about the property than anyone else 
and can be a big help. I am only stat- 
ing it is a problem and it is up to man- 
agement to coordinate the entire organ- 
ization to help your water flood man 
rather than to hinder him. 

There are three types of field men: 
One is the fellow who is looking for 5 
o’clock and pay day. He is probably the 
backbone of the oil industry but needs 
watching and constant supervision. He 
will do exactly as he is told and will ac- 
complish results if he is working on the 
right well. The second type is the ex- 
perimenter. He must contribute some- 
thing and will try all manner of new 
methods when the supervisor is not on 
the job. This is generally in the bottom 
of the hole where you can’t see it, and 
you will always wonder what went 
wrong. The third type is the conscien- 
tious, hard-working individual who 


takes an interest in his work and is try- 
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ing to get ahead. He has ideas, too, but 
will not insist on trying them out with- 
out first talking them over with his boss. 

There are two types of engineers, 
well—there are more than that, but I 
will only discuss two. One is the type 
who makes recommendations and then 
considers his work done. Then there is 
what we call an operating engineer who 
not only makes the recommendations 
but insists on going out in the field and 
seeing to it that his recommendations 
are carried out. This latter is the only 
type that will be consistently successful 
in water flooding. 

Water flood production is erratic, es- 
pecially during the early stages. In a 
new area you are likely to encounter 
trouble in treating water, which causes 
downtime. When a well begins to in- 
crease in production sand conditions 
often cause bottom hole pump trouble. 
When you have to pull tubing from a 
well making 500 bbl per day, it will 
make a startling gap in your normal 
day’s production. A highly permeable 
streak that is producing 100 per cent 
oil may suddenly flood out and start pro- 
ducing water. Conversely a well not pro- 
ducing anything may start making large 
quantities of oil. You as the operator, 
not being familiar with these conditions, 
may question your field man in charge 
on why his production varies so much 
from day to day. Your field man will 
try to explain his difficulties but the 
chances are you will not be satisfied. 
You will ask why the filters can’t be 
made to operate continuously, and nu- 
merous other questions that are hard to 
answer but are inherent in this type of 
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production. Finally you might tell him 
that he was supposed to be a qualified 
water flood engineer and that if he could 
not get the operations ironed out you 
would send someone down that could. 
This is the first thing you have told him 
that he understands. Very quickly your 
troubles are at an end. The water starts 
to treat beautifully, the production does 
not vary more than a few barrels per 
day. In fact, it doesn’t even follow a 
normal decline curve. Your man then 
becomes a hero and you make a division 
superintendent out of him. What is ac- 
tually happening is that your property 
is being operated at about 80 per cent 
of its capacity. The remaining 20 per 
cent is enough to cover the erratic per- 
formance. The filters are being by- 
passed, which will result in plugging 
the tighter portions of the sand with an 
eventual loss of perhaps 25 per cent of 
the production. What you are doing is 
contributing to the development of a 
politician and not an engineer. 

What you operators and executives 
want to know is: Will my property 
flood? How much will it cost? How 
much oil can be produced? How long 
will it take and how much money will 
I make? I can’t answer these questions 
unless I know all about your property, 
but I could give you the answer if your 
property is producing from the Yates 
sands in the Permian Basin of West 
Texas at about 2500 ft. If your lease has 
been plugged and abandoned it will be 
necessary to redrill on a well concentra- 
tion of one to each 10 acres. Every oth- 
er well would be converted to a water 
input well to enclose each producer in 














The “right tools” plus the “right men” mean 
a substantial saving on every Fishing Job. 


The Fishing Tool Division of Wilson Supply 
Company has been built up over many years 
of experience in the Gulf Coast area. Superior 
tools have been developed — men have been 


HOUSTON, TEXAS 


BEAUMONT, TEXAS 
HARVEY, LA. 


HYDRAULIC 
CASING 
CUTTER 








Branch Stores 








You Can Save “ime aud Money by Using 
WILSON FISHING TOOLS AND SERVICE 


STOCKS AND SERVICE POINTS 


trained to handle the most complicated job 
quickly and successfully. 


The three Wilson Fishing Tools shown below 
have proven their dependability over and over 
again. They are available in the United States 
on a rental basis — for sale for Foreign use. 


Write for complete cataleg on “Wilson Superior Fishing Tools’’—Address: Fishing 
Tool Division, Wilson Supply Company, P. 


©. Drawer 19, Houston 12, Texas 








SHREVEPORT, LA. 


NEW IBERIA, LA. 
HOUMA, LA. 


Fishing Tool Division 


WILSON SUPPLY COMPANY 


Sales Offices 
TULSA, OKLAHOMA 


1412 MAURY STREET 


TEXAS — Alice, €or Christi, Victoria, Bay City, 

pee Barbers Hl =. Beaumont Kilgore H Oo U S T Oo N -.. ie A 
. LOUISIANA— Charles, New Iberia, =< 

a aium ime. ere - T E X A Ss SHREVEPORT, LA. 








THE PETROLEUM ENGINEER, July, 1952 








Te obtain more information on products advertised see page E-41 


B-59 















Water Flooding 


a 20-acre 5-spot. The overall develop- 
ment cost would be $3000 per acre. This 
would include $2000 per acre well drill- 
ing and equipping cost and $1000 per 
acre lease development. If all wells were 
drilled and in good shape it would cost 
$1500 per acre, or $500 per acre well 
equipment and conversion cost and $1,- 
000 per acre lease development. If part 
of the wells had to be drilled the cost 
would be in proportion between the two 
figures. The operating cost would be 
approximately $.50 per gross barrel of 
oil produced. The current price of the 
crude is $2.44 per barrel. The current 
taxes (not including income) are about 
$.13 per barrel. Surface pressure re- 



















quired to flood this formation is a max- 
imum of 400 psi. The initial increase in 
production will occur about three 
months after injection is started and the 
overall time to depletion after injection 
should be from 4 to 10 yr depending 
upon the rate of injection. The ultimate 
water flood production will be from 144 
to 2 times primary production depend- 
ing upon what part of the Yates section 
is being flooded. The above calculations 
are based upon a well engineered and 
operated project. 

The type of field most adaptable to 
flooding has been discussed so many 
times that anything I say would be mere 
repetition. All we know for sure is that 
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Cutters of Security Casing 
Scrapers have helical 
teeth for positive shear- 
ing action and are ex- 
panded to full inside 
diameter by spring pres- 
sure, Cutters contact en- 


of casing 


tire casing circumference 
{ at all times. 
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CASING 
SCRAPER 


¢ FIRST to operate with rotary or 
vertical motion while going in or 
coming out of the hole 


¢ FIRST to cut to exact 
inside diameter 


¢ FIRST to positively clean every inch 


Security Casing Scrapers quickly and 
easily remove obstruction inside casing — 
such as scale, gun perforation burrs, or 
cement sheaths resulting from cementing 


Operators everywhere use the Security 
Casing Scraper as part of their well 
completion programs. 
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all formations respond in varying de- 
grees to a natural water drive. I might 
instill a note of caution, however. Many 
operators have the idea that because a 
field did not produce much primary oi! 
it must still be there and would conse 
quently be an ideal water flood pros- 
pect. That is like a prospector making 
the statement that, “There must be a loi 
of gold here because no one ever. took 
any out.” In other words, water flood 
production generally is in some definite 
proportion to primary production. 

The general practice, especially 
among the large companies, is to turn 
the evaluation work over to their own 
organization. The attitude is, “We have 
the best engineers in the world and cer- 
tainly there is no monopoly on brains. 
So why should we go out of our own 
organization to get advice?” These men 
may be just what they think; however, 
they are not water flood engineers. They 
are not sure what results can be ob- 
tained. Therefore, in order to be on the 
safe side they are likely to be ultra- 
conservative. This results in an inade- 
quate amount of money set aside for 
investigation and development. Man- 
agement still looks at the property as a 
stripper proposition. The conclusion 
drawn then is that, “All we can expect 
to do is to flatten the decline curve and 
extend the life of the property a few 
more years.” This is exactly what hap- 
pens. 

If you had a delicate surgical opera- 
tion to perform you certainly would seek 
out a specialist rather than a general 
practitioner, even though he was a good 
one. You would think nothing of ob- 
taining outside help on some complicat- 
ed legal problem. 

The mechanics of water flooding are 
simple. After sufficient experience is ac- 
quired it resolves itself into infinite pa- 
tience and excellent supervision in the 
field. But that is another story. 


To give an idea of the results being 
obtained in West Texas see the accom- 
panying graph of the entire production 
from the South Ward field through its 
primary history and the increase due to 
water flooding since 1949. At the end of 
1949 the field had produced 31,141,000 
bbl of oil. The production for the year 
1949 was 439,000 bbl. The peak year 
was 1937 when the average was 15,250 
bbl per day. 

Under preliminary water flood de- 
velopment the field produced 1,071,000 
bbl] in 1950. In 1951 the production was 
3,816,000 bbl. The field is now produc- 
ing over 600,000 bbl per month which 
is more than the peak under primary de- 
velopment. Only about 3000 acres out 
of total of 10,600 proved acres are now 
under water flood development. 

If I could give you any advice it would 
be the following: If you intend to devel- 
op your own water flood production pick 
out the best man you have, send him to 
the field, let him have complete au- 
thority, give him your blessing, the best 
advice you have, demand results, and 
leave him alone. If you do not get-re- 
sults you have picked the wrong man 
and you had better go yourself.* * * 
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Drilling and Completion 


Practices, Spraberry Trend’ 


Standard formulas used by operators in the 


Spraberry trend are dealt with in this paper. 


LEONARD O. FRANKLIN* 


Tue first Spraberry well was completed 
by the Seaboard Oil Company on Janu- 
ary 22, 1949. This discovery well, the 
S. E. Lee No. 2 in Dawson County, 
Texas, was drilled as an Ellenberger 
test, and upon finding no shows in this 
formation it was plugged back and com- 
pleted in the open hole in the Upper 
Spraberry formation. Approximately 
six months later, the Tex Harvey Oil 
Company’s B. W. Floyd No. 1-16 opened 
the Tex Harvey field and paved the way 
for the discovery of Germania, Pem- 
brook, Midkiff, Huddle-Manning, Smith, 
Glass, Driver, Weiner-Floyd, Benedum 
(Spraberry), Snowden, North Pem- 
brook, Weddell, Aldwell, and Flatrock 
fields in that order. 

During the early stages of develop- 
ment it became apparent that many, or 
possibly all, of the above named fields 
would eventually prove to be one vast 
reservoir. In order to prevent additional 
complication in naming new fields with 
different field rules, the Railroad Com- 
mission issued an order whereby future 
discoveries will carry the name of the 
nearest producing Spraberry field. Dis- 


{Presented at the Spring Meeting of the 
Southwestern District, Division of Production, 
Washington-Youree Hotel, Shreveport, Louisi- 
ana, March 5-6-7, 1952. 

_.*Magnolia Petroleum Company, Midland, 
“exas. 
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covery allowables may still be granted 
when these discoveries are three miles 
or further from a producing area. 

Fig. 1 reflects the rate of development 
in the Spraberry trend. As of October 1, 
1951, 582 wells were producing and 


, over 200 rigs were operating. A survey 


conducted in October, 1951, recorded 
203 operators in the Spraberry area. 
Due to the limitation regarding the 
length of this paper, it will not be pos- 
sible to cover every variation in drilling 
and completing technique practiced by 
all operators. Consequently, only the 
more general procedures used by the 
majority of them will be presented. 


Drilling Technique 


While drilling to a depth of 4000 ft. 
from 3 to 15 drill collars are employed 
with rotary speeds of from 70 to 125 
rpm. Some operators carry a small 
amount of weight and tend to “wash” 
the hole down by maintaining high 
pump pressures and rotary speeds, 
while others maintain slower rotary 
speeds in conjunction with more weight 
on the bit. Practically no difficulties are 
encountered during this operation. Be- 
low 4000 ft, 15 to 25 drill collars are 
used with rotary speeds ranging from 
65 to 90 rpm. The pump pressure is kept 


P 422. 


at a minimum, usually below 500 psi, 
due to the lost circulation hazards. An 
average of 35,000 lb is carried on the bit. 

Though conventional rock bits are 
used from top to bottom, no unusually 
hard formations are penetrated while 
drilling Spraberry wells. From 25 to 40 
bits are needed to drill to the top of the 
Spraberry sand. 


Casing Programs 


There are two general types of cas- 
ing programs used in the Spraberry 
trend: One practice is to set pipe 
through the salt section at approxi- 
mately 4000 ft prior to drilling to the 
casing point above the Spraberry sand; 
the other program consists of drilling 
all the way from the surface casing to the 
top of the pay before running pipe. 

On the basis of a survey in which vari- 
ous operators submitted data on 274 
producing wells, an average of 33 days 
is required to drill and set pipe above 
the Spraberry sand using either a two- 
string or a salt-string-liner casing pro- 
gram. Therefore, it appears that the 
only advantage of setting the salt string 
lies in the reduction of the mud cost by 
minimizing lost circulation difficulties. 
The disadvantage being the additional 
tonnage of steel required. Currently, 
operators are using both types of cas- 
ing programs, depending largely upon 
the availability of pipe. 

As shown in Fig. 2, the size of casing 
used in both types of programs varies 
considerably. The salt string ranges 
from 75% in. to 95% in., while the line: 
and string varies from 5% in. to 7 in. 
As of October 1, 1951, 238 wells (or 41 
per cent) were completed with the salt- 
string liner casing program. Also, as 
shown on Fig. 2, the tonnage of steel 
required for each program varies from 
55 tons for the long string of 51/-in. cas- 
ing to 116 tons for the 95%-in. saltstring 
with a 7-in. liner. These figures do not 
include the tubing or wellhead equip- 
ment. 


Cementing Practices 


Cementing techniques vary widely 
among the operators. The majority of 
them are following the practice of only 
cementing around the shoe and a short 
distance behind the pipe, while a few 
are circulating cement behind the salt 
string, liner, and long string. As a rule 
cement can be circulated in one stage 
behind the salt string, but in order to 
obtain a complete fill-up behind the long 
string and liners, from 2 to 5 stages are 
necessary. The operators who are not 
going to the additional expense of stage 
cementing, feel that the Spraberry wells 
will have a relatively short producing 
life and that corrosion will not present 
a very serious problem. Gel and perlitic 
material are used by practically all op- 
erators to reduce the hydrostatic head 
against the formation during the ce- 
menting operation. When these materi- 
als are used, a small neat cement slurry 
is pumped behind the main slurry in 
order to insure a good cement bond 
around the casing shoe or behind the 
perforations. 
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FIG. 2. Casing program, Spraberry Trend. 


Mud Programs 


Mud problems are not considered 
serious as no special characteristic is 
necessary other than keeping the weight 
to a minimum while drilling the weak 
formation below 4000 ft. The most no- 
ticeable lost-circulation zones are at 
approximately 4300 ft, 5300 ft, and 6500 
ft, with some difficulty encountered at 
any depth below 4000 ft. 

Clear water is used to spud and set 
surface pipe at approximately 300 ft. 
Clear water is also used to drill out 
below surface casing, but the red beds 
encountered to a depth of approximately 
1100 ft quickly build a high-viscosity 
native mud which is controlled by the 
addition of fresh water. Salt and anhy- 
drite beds penetrated from 1100 ft to 
4000 ft completely saturate the mud 
during the drilling operation. The na- 
tive mud, weighing from 10.6 to 10.8 lb 
per gal, is often used to run the salt 
string without further treatment. After 
the salt string is set, the saturated salt 
mud is jetted and the pits cleaned thor- 
oughly. Fresh water is used to drill out 
below the salt string and the weight is 
maintained at approximately 8.3 lb per 
gal by the addition of crude oil. In the 
event that lost-circulation difficulty is 
encountered under these conditions, lost- 
circulation material and additional oil 
are added to lighten the mud to as low 
as 7.5 lb per gal. As high as 75 per cent 
oil has been used. The water loss is re- 
duced to 10 cc or less and the viscosity 
increased to 50 sec or above before run- 
ning the liner: 

In wells where a salt string is not 
used, the foregoing program is employed 
to a depth of 4000 ft. At this point the 
pits are jetted clean of all cuttings and 
oil is added to the remaining mud, re- 
ducing the weight to approximately 9 lb 
per gal. Salt jel is also added along 
with a small treatment of starch or soda 
ash to aid in emulsifying the oil and 
water. Strictly speaking, the mud is not 
a true emulsion as free oil will break 
out if the mud is allowed to stand idle 
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FIG. 3. Completion 


in the pits, however. The oil serves its 
sole purpose in reducing the weight of 
the circulation fluid. Upon reaching the 
casing point, the mud is conditioned as 
above, prior to running the longstring. 

Mud bills, excluding the cost of crude 
oil, range from $500 to $2000 in wells 
where a salt string is used, and from 
$1000 to $10,000 for wells using the two- 
string casing program. Average mud 
costs are $1500 to $4500, respectively, 
for the two programs with these values 
increasing in proportion with the 
amount of lost circulation encountered. 


Drilling-In Practice 


Upon cementing the long string or 
liner above the top of the pay, the Spra- 
berry sand is drilled with either rotary 
tools, using conventional or reverse cir- 
culation, or cable tools. The standard 
practice is to use crude oil as the cir- 
culating fluid while drilling-in. This is 
done in an attempt to minimize the 
amount of damage to pay during the 
completion operation. The depth of pen- 
etration depends upon the individual op- 
erator. Many wells are currently being 
completed in only the upper portion (60 
to 90 ft) of the Upper Spraberry, which 
has an over-all thickness of approxi- 
mately 219 ft. Initial potential tests of 
these wells compare favorably with 
those that open the full section for pro- 
duction. Fig. 3 reflects the most com- 
mon types of completion. There are also 
a few wells producing from perfora- 
tions, but these are usually wells that 
were plugged back after testing a deeper 
zone. 

Although cable-tool penetration rates 
are much slower than rotary-tool rates, 
many operators believe that less damage 
will occur to the pay when this drilling- 
in practice is employed. Wells in which 
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the interval from the casing seat through 
the entire Upper Spraberry is drilled, 
required about 30 days to cable tool as 
compared to 4 days using rotary tools. 

It is difficult to evaluate the merits of 
either rotary or cable tool completions 
due to the relatively short producing his- 
tory of Spraberry wells. As the initial 
potential tests were taken on various 
choke sizes and the testing procedure is 
non-uniform for all operators, it is not 
considered practical to use these tests 
as criteria to determine the superiority 
of either type of drilling-in practice. 


Air Drilling 

Another drilling-in procedure that 
has been used in an effort to afford the 
advantages of cable-tool drilling at ro- 
tary penetration rates is that of air 
drilling. This technique replaces the cir- 
culating media with compressed air. At 
the present time, this practice has been 
used to drill the Spraberry sand in two 
wells by the Penntex Oil Company and 
Wilshire Oil Company. The first attempt 
resulted in drilling 922 ft of formation 
that proved to be barren. The first 48 ft 
of formation that is below the 7-in. cas- 
ing at 6620 ft was drilled by conven- 
tional circulation. A penetration rate of 
54% ft per hour was attained by apply- 
ing only 4000 to 6000 lb of weight and 
rotating 35 to 40 rpm. Returns at the 
surface were in the form of dust and 
were of no value from the standpoint of 
geologists analysis. It also appeared 
that the hole was not being properly 
cleaned, as considerable dragging was 
noted when pulling the bit. 

The remaining 874 ft were drilled by 
reverse circulation, which proved to be 
much more satisfactory in cleaning the 
hole and the recovery of formation sam- 
ples suitable for examination. Air cir- 
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culation proved particularly conducive 
to cleaning out after shooting this well. 
An interval of 100 ft was cleaned out in 
6% hours following a selective shot of 
100 qt of liquid nitroglycerin. Large par- 
ticles of the bomb and shell case, along 
with formation fragments and shot 
gravel, were lifted by reverse circulation. 

The Wilshire experiment successfully 
drilled 108 ft of formation below the oil 
string. During drilling operations, oil 
was continuously jetted at the rate of 
approximately 10 bbl per hour from 
7185 to 7198 ft. The first 81 ft of forma- 
tion was drilled below the casing shoe at 
a penetration rate of 9 ft per hour using 
reverse circulation. The bit was pulled 
for inspection after drilling this 81 ft 
and was found to be in fairly good con- 
dition. No abnormal wear appeared to 
have occurred in the bearings as one 
would have expected. The second bit cut 
19 ft in 2 hours before plugging. Upon 
pulling this bit, two stands of oil were 
recovered, indicating that the plugging 
difficulties resulted from this initial 
fluid. Another bit was run, but became 
plugged before any additional hole 
could be made. A skirted bit made 8 ft 
of hole in 2 hours before the casing col- 
lapsed causing a twist-off. The use of 
compressed air was discontinued after 
the hole was filled with oil for milling 
Operations. — 

In weighing the different problems 
encountered during these two experi- 
mental operations, the plugging tend- 
ency of the bit and drill collars has 
caused the greatest concern. The task 
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of unloading the fluid that entered the 
hole while making a trip was solved by 
installing three conventional pressure 
flow valves below 5000 ft. These valves 
set at opening pressures of 550, 525, 
and 515 psi, respectively, were able to 
unload a 2100-ft oil column in 3 hours 
from a depth of 7200 ft. 

The surface equipment for both op- 
erations was very similar. Fig. 4 is a 
schematic drawing of the surface equip- 
ment used on the latest experiment. As 
may be seen the compressing equipment 
consists of two stages. The first stage is 
composed of three compressors, each 
of which is rated for 500 cu ft per min- 
ute at atmospheric intake and 125 psig 
discharge. From these compressors, the 
air travels at 100 to 125 psig through a 
cooling system where the temperature 
is reduced from 150 to 100 F which in 
turn reduced the intake pressure to 
80-100 psig. The second stage consists 
of three compressors rated at 400 cu ft 
pér minute at an intake pressure of 125 
psig and 500 psig discharge. This sys- 
tem is designed to supply from 1,000,000 
to 1,500,000 cu ft per day at a maximum 
pressure of 600 psig. Normal drilling 
operations are carried on with a circu- 
lating pressure of approximately 200- 
250 psig. 

Some concern has been voiced as to 
the hazards involved in drilling a hydro- 
carbon-bearing reservoir with air. An 
insurance company assured the Wil- 
shire Oil Company that the use of com- 
pressed air presented no greater danger, 
in their opinion, than the use of oil. As 


Spraberry 





a precautionary measure against ignit- 
ing the discharge oil spray, flood lights 
were mounted around the rig at a dis- 
tance of 100 ft, allowing all rig lights 
to be extinguished, and the well effluent 
was directed into an open vessel approx- 
imately 500 ft from the rig. 


Completion Technique 


Development in the Spraberry trend 
is being carried on at a rapid rate, with 
most of the operators using one or more 
of the following open-hole completion 
techniques: 

1. Drill 20 to 125 ft of pay with 
either conventional or reverse circula- 
tion and hydrafrac in one stage. 

2. Drill 20 to 125 ft into the pay with 
cable tools and hydrafrac ir one stage. 

3. Drill the entire Upper Spraberry 
with either conventional or reverse cir- 
culation and selectively hydrafrac from 
4 to 7 sections, using the straddle packer. 

4, Drill the entire Upper Spraberry 
with conventional or reverse circulation 
and shoot the open hole with from 2 to 
4 qt of nitroglycerin per foot. 

5. Cable-tool drill the entire Upper 
Spraberry and selectively hydrafrac 
four intervals with a straddle packer. 

6. Set pipe above the upper pay and 
complete both the Upper and Lower 
Spraberry sands by selectively hydra- 
fracing each zone. 

7. Set pipe through the Upper Spra- 
berry and complete, using one of the 
foregoing practices in the Lower Spra- 
berry. 

Data available on 582 wells which 
were completed as of October 1, 1951, 
revealed by far the majority of the op- 
erators are using the first named com- 
pletion practice, viz., drilling only a 
portion of the way into the upper pay 
and hydrafracing with a single stage. 
There is a question, however, regarding 
the ultimate recovery of wells producing 
from only a portion of the upper pay. In 
some wells completed in this manner, 
the pressure-production decline curves 
reflect a steeper decline rate than wells 
which were completed through the en- 
tire Upper Spraberry. This would indi- 
cate that the vertical fractures existing 
in the pay interval are not continuous 
throughout the section, and that wells 
completed in only the upper portion of 
the sand will not effectively drain the 
reservoir. Over-all, 477 (or 82 per cent) 
of the 582 wells completed as of Octo- 
ber 1, 1951, were hydrafraced and yield- 
ed an average initial potential of 325 
bbl of oil per day. A total of 94 (or 16 
per cent) of the wells were shot and 
yielded an average initial potential of 
263 bbl of oil per day. This latter figure 
is misleading in that these wells were 
still producing: load oil during the test 
period. Acid alone has been used in 5 
wells during the initial completion and 
yielded an average initial potential of 
124 bbl of oil per day; also, 5 wells were 
completed naturally for an average ini- 
tial potential of 304 bbl per day. 

A total of 551 (or 94.8 per cent) of 
the wells are open-hole completions. 
The majority of the perforation comple- 





B-63 
















































Spraberry 
tions are a result of plug-back opera- 
tions after a deeper zone was tested and 
found to be barren. Approximately 2 per 
cent of the wells were completed through 
both zones. Of these, some have been 
plugged back and are now producing 
from the Upper Spraberry only. Ap- 
proximately 5 per cent (29 wells) pro- 
ducing from the lower pay yielded aver- 
age initial potential of 187 bbl per day. 
Cable-tool completions appear to re- 
sult in good producers, but the extended 
completion period has discouraged many 
operators from using this technique. 





Special Equipment 
Extended clean-out periods ranging 
up to 30 days have been noted after 
shooting wells with nitroglycerin. This, 
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FIG. 5. Fluid control and jet sub. 
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coupled with the loss of from 2000 to 
3000 bbl of crude oil to the formation 
during the clean-out operation, has dis- 
couraged the widespread use of this 
completion practice. Also, difficulty is 
often experienced in maintaining cir- 
culation while drilling weak formations 
below 4300 ft. A tool recently intro- 
duced and gaining popularity in con- 
trolling this problem is the fluid control 
and jet sub. Three or four of these subs, 
when employed in the string of drill 
pipe, aid in maintaining circulation in 
a conventional manner while drilling a 
weak formation or cleaning out after 
shooting, with a minimum loss of cir- 
culating oil. One operator cleaned out 
in only two days after shooting the en- 
tire Upper Spraberry with 4 qt of nitro- 
glycerin per foot. Numerous operators 
have successfully used these subs to re- 
gain circulation while drilling weak for- 
mations. A cutaway diagram of one of 
these subs is shown in Fig. 5. As stated 
previously, under normal operations, 
less than 500 psi pump pressure is main- 
tained below 4000 ft. The fluid control 
and jet sub permits pump pressures in 
excess of 1000 psi to be used without 
exerting great pressures against the for- 
mation being drilled. As low pump pres- 
sures are applied, the fluid circulates 
conventionally through the bit only. As 
greater pressures are applied, however, 


the 100-psi spring is collapsed, permit- 
ting the piston to move downward, open 
ing two 14-in. jet tubes that discharge 
the circulating fluid in an upward 
direction. In the event the bit becomes 
plugged, the pressure equalizes above 
and below the sub, allowing the pistor 
to return to normal position, thereby 
closing off the jet tubes. 

Plugged-bit troubles have been 
greatly relieved while drilling or clean 
ing out with reverse circulation by the 
use of skirted bits. These are regula 
rock bits with a restriction welded ove: 
the discharge ports, allowing only smal! 
cuttings to enter the drill pipe. 

Undoubtedly, as development pro. 
gresses a greater number of new tools 
and techniques will be introduced that 
will materially reduce the cost of drill- 
ing Spraberry wells; and, in turn. 
brighten the picture for many operators 
who are investing large sums of money 
in developing their acreage. 
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Acreage Acquired in 
Williston Basin Area 


Sapphire Petroleums Limited has 
acquired a 25 per cent interest in 
800,000 acres in the Williston 
Basin in Canada, W. Samuel, presi- 
dent, announced. The acreage is 
situated in Manitoba north of the 
Virden wells, Samuel said. 
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FIG. 1. Casing jet charge. 
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Jet Perforating in the West Texas Area 










FIG. 2. Open hole jet charge. 
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Shooting proves satisfactory in tight formation when used 


in conjunction with acidizing and hydraulic fracturing. 


Tue theory of the shaped charge 
method of jet perforating has been ex- 
plained in detail in numerous reports so 
in this article it will suffice to give only 
a review of the major principles in- 
volved. The shaped charge consists of 
four major components: (1) The case. 
(2) the shaped explosive material 
(RDX). (3) the copper liner or cone, 
and (4) the detonating device. These 
components are shown in Figs. 1 and 2, 
which are cutaway photographs of 
charges used for casing perforating and 
open hole perforating respectively. The 
charge requires only one more condition 
to derive its penetrating jet and that is 
a proper standoff distance for the jet to 
form. In the open hole jet charge, this 
standoff is provided by the case, which 
is individually sealed against fluid and 
pressure. In the casing jet this standoff 
distance is obtained by positioning the 
charge in a sealed tubular carrier. This 
carrier also serves the more important 
function of protecting the casing against 
any damage from concussion as the 
shock waves from the expanding gases 
are cushioned by the cairier. In order to 
simplify the discussion the casing charge 
will now be discussed in detail and the 
open hole charge will be covered later. 

The jet process of perforating com- 
prises the detonation of a number of 
shaped charges positioned on 3-in. cen- 
ters with 120. deg phasing in a hollow, 
‘ubular carrier that is sealed to exclude 
well pressures and fluids. The charges 
xre joined by a string of explosive cord, 
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known as prima cord, which is threaded 
through the hole at the base of each 
charge. The prima cord is detonated 
to set off the jet charges. The detonation 
of the prima cord is at the rate of 21,000 
ft per second, and although the charges 
actually detonate in succession, they ap- 
pear to be fired simultaneously. 

The carriers are provided to the in- 
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dustry in sizes ranging from 5-in. OD to 
214-in. OD, which is a range large 
enough to cover most perforating re- 
quirements. A typical example of a cas- 
ing perforating carrier is shown in Fig. 
4, which shows a portion of the carrier 
with the port plugs in place. The carriez 
is lowered into the well by a hoist truck 
which has a measuring device used to 
locate the carrier in the proper shooting 
zone. The carrier is lowered on a steel 
conductor cable and the charges are 
fired electrically from the surface. Fig. 
3 shows a typical setup of a perforating 
truck on location. 

The electrical current sets up a pro- 
gressive detonation from a blasting cap 
to the prima cord to the booster in the 
jet charge. The detonation of the booste1 
initiates an explosive wave along the 
explosive charge. When this wave 
reaches the apex of the copper liner, it 
produces very high pressures on the out 
side of the cone that cause its walls to 
collapse and move inward nearly per- 
pendicular to the surfaces at high velo- 
cities. The metal from the inner surface 
of the cone forms the jet, which is di- 
rected along the axis of the cone at a 
speed of approximately 30,000 ft per 
second. The duration of this jet is ap- 
proximately 10 micro seconds during 
which the penetration is completed. The 
jet creates a partial disintegration of the 
target material within its designed path 
until its intense energy is dissipated. The 
pressure developed is somewhat over 3, 
500,000 psi and will readily penetrate 
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FIG. 3. Perforating truck on location. 


the steel casing, cement sheath, and 
formation. This detonation is accom- 
panied by a relatively high temperature 
but the heat dissipation to the target 
during the detonation is so small that it 
is possible to shoot into a target of soft 
white pine board and observe a clean 
hole with no indication of burning or 
searing. It thus becomes evident that 
there is no possibility of glazing the 
formation or baking the drilling mud 
thus causing it to cake up into chunks 
that crumble and clog the perforations. 

When a jet charge is detonated, the 
high pressure stream is traveling at such 
high velocity that it penetrates the cas- 
ing without splitting, burring, or damag- 
ing the casing and likewise it provides 
a clean hole through the cement sheath 
without any cracking or damage. Fig. 5 
shows an unretouched photograph of a 
piece of 544-in 17-lb J 55 casing, which 
was perforated while completely un- 
supported with 3 charges ordinarily used 
in a 4-in. OD carrier. A careful study 
of this photograph will demonstrate the 
efficiency of the jet charge in showing 
the lack of damage to the casing. 

After the jet has traveled into the 
formation far enough for the force 
stream to lose its energy, its forces are 
deflected outward and with a small 
amount of cracking taking place. As the 
jet is simply a force stream of minute 
metal particles, there is no debris left in 
the hole from the penetrating force. The 
copper liner, which is wrapped into a 
small carrot slug usually follows the 
penetrating jet and erodes itself along 
the formation. Tests have shown that 
when bullets are shot into sandstones, 
limestones, or dolomites, the measured 
reduction in permeability is from 40 to 
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80 per cent, depending upon the original 
permeability of the formation. Jets do 
not compact the formation material sur- 
rounding the perforating in this manner 
and thus the permeability is not reduced 
ever more than 20 per cent. 

The explosive material is of a highly 
brisant type that is very stable. It with- 
stands extreme shock without detonating 
and is also unaffected by high tempera- 
tures so far as detonation is concerned. 
Therefore, the charges are easily hand- 
led, stored and shipped without fear 
of premature detonation. 

With drilling at an all time high in 
the West Texas area, it is desirable not 
only to decrease the cost of rig time but 
to provide additional productivity from 
each rig, so maximum results must be 
obtained from any service performed on 
the well. In perforating, in addition to 
the requirement for high line speeds and 
rapid rig up and rig down by the crews, 
the perforating service must be selected 
that will provide maximum penetration, 
known density, no damage to the casing, 
burr free holes, and the retention of a 
consolidated cement sheath. 

Each jet perforator assembly is a new, 
unused unit that is manufactured under 
a process that assures uniform results. 
These perforators are produced and in- 
spected under a statistical quality con- 
trol and samples from each run are 
tested to assure compliance with the ac- 
cepted standards. Only those production 
runs that have complied with the re- 
quirements of the inspection are re- 
leased to the consumers. With a produc- 
tion control of this type only those units 
that are fully capable will be placed in 
use so that the operator can be assured 
of maximum penetration. As each jet 
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charge can be used only once, there is no 
loss of efficiency due to wear and ex- 
pansion as there is with the projectile 
type perforator. 

An examination of the carrier re- 
moved from the well after it has been 
detonated will determine whether or not 
the operator has received positive pene- 
tration of a known density. When the 
charge is detonated and the jet forms, 
the case is entirely disintegrated, and 
the liner is wrapped into a slug resem- 
bling a carrot. Thus, an inspection of the 
carrier reveals if any charges were de- 
fective or if there were any conditions 
present to keep the charge from jetting 
properly. For instance, a carrier filled 
with water due to a leak would destroy 
the standoff distance of the charge and 
on inspecting the carrier, one would find 
twisted and bent pieces of the copper 
liner and probably large pieces of the 
case. Furthermore, there would be no 
jet cut hole in the port plug sealing the 
carrier opposite the charge. This condi- 
tion guarantees positive results or offers 
telltale evidence of any failures. 

In applying the use of jet perforating 
in well completions in the West Texas 
area, we have tried to select typical ex- 
amples of operating procedures that 
are indicative of the services rendered. 

Whenever casing has been set through 
the formation, it is imperative that maxi- 
mum penetration be obtained. Tests have 
been made that indicate a hole density 
of four per foot with penetration equiva- 
lent to the well diameter will yield pro- 
ductive capacity equivalent to open hole 
completions. Any decrease in perfora- 
tion density or in penetration materially 
affects the ratio of the productive capac- 
ity between the cased hole and the open 
hole completion. 

In those formations that are relatively 
porous, mud contamination of the pro- 
ducing zone is always a serious problem 
and in order to be assured of reaching 
beyond the contaminated area the per- 
forating method offering maximum pene- 
tration should be employed. 

When casing has been set through 
and has been cemented, it is advisable to 
perforate with the jet process when it is 
desirable to retain the cement sheath in- 
tact in order to prevent the channeling 
of the bottom water upward or the gas 
downward from the gas cap. With the 
knowledge that the cement sheath is in- 
tact the operator has positive informa- 
tion on which to modify the gas-oil ratio 
when a workover program is planned. 

In dual completions, such as is com- 
mon practice in many West Texas fields, 
the jet perforating method may be used 
to distinct advantage because of the ab- 
sence of burrs which will interfere with 
setting the packer. After perforating 
both of the zones with jets, it is possible 
to run a packer through the upper per- 
forations and set it wherever desired 
without the danger of shredding the 
pack-off elements due to burrs or other 
projections that can result in costly leak- 
age or premature setting. It is usually 
necessary to run a scraper after perfora- 
ting by other methods before a packer 
can be run through any of the perforated 
section. This saving of a roundtrip with 
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FIG. 4. Left—Section of jet perforating carrier. 
FIG. 5. Center—Section of 5%%-in. casing perforated with jet charges. 
FIG. 6. Right—Open hole jet carrier with cable head assembly. 
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the reamer or wall scraper may save 
many hours of rig time, especially in the 
deeper wells. 

The use of the jet process in conjunc- 
tion with hydraulic fracturing in the 
Spraberry has been very successful. The 
procedure of using a_ straddle-type 
packer for the fracturing makes it neces- 
sary that the casing be free of burrs that 
may tear the packing elements and re- 
sult in leaks under the high fracturing 
pressures. It is also believed that the 
deeper penetration obtained from jets 
provides access to the maximum number 
of existing vertical fractures resulting in 
a more effective fracturing job. 

The completion of limestone wells in 
such formations as the Fusselman and 
the Ellenburger is quite often accom- 
plished by setting the casing through 
the formation and perforating the de- 
sired zones before acidizing. This sys- 
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‘tem, of course, provides a better control 


of the producing zone in that the acid 
can be better placed where it is needed. 
Here again, operators have found that 
the deepest penetration available is 
highly desirable in that less pressure is 
required to break down the formation, 
and a greater area is exposed to the acid 
by virtue of the deeper holes. 

Now to return to the open hole charge, 
we find that the principle of this charge 
is substantially the same as in the cas- 
ing charge but it is modified to give 
proper characteristic required for open 
hole completions. The open hole charge 
is larger so that there is considerably 
more explosive force and consequently 
larger hole sizes and deeper penetration. 
Referring again to Fig. 2 it will be 
noted that the explosive in the open hole 
charge is not tapered to follow the shape 
of the cone as is true with the casing 
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charge. In this manner, the explosive 
added provides forces that create a 
blasting and fracturing effect that are 
considered desirable in open hole work. 
The open hole charges are self-contained 
and self-sealed and are provided in three 
sizes of cases that will pass through 
rings with inside diameters of 55 in., 
43 in. and 34 in. when in the horizon- 
tal position. As indicated, these charges 
are primarily designed for open hole 
completion and are not generally recom- 
mended for perforating inside casing, 
except in unusual conditions, because of 
possible damage to the casing that might 
occur from the detonation of the rela- 
tively large amount of explosive they 
contain. 

These charges are placed in an ex- 
pendable carrier that positions the 
charges and provides the detonating me- 
chanism. Fig. 6 shows one of these car- 
riers assembled ready for introduction 
into the well. 

This photograph shows not only the 
carrier and the charges in position but 
also the cable head which serves as a 
connection between the cable and the 
carrier and-also contains the detonator. 
When the charges are detonated, the 
case of the charge, as well as the carrier 
itself, is bluwa to small fragments, which 
are very Useial as a scouring agent for 
the formation. 

The modification of the amount of ex- 
plosive and the type of case and carrier 
provides three distinct effects required 


vides large deep holes into the forma- 
tion, between one and one-and-a-half 
inches in diameter and from 18 to 30 in. 
deep, depending on the hardness of the 
target. Second, the shrapnel from the 
case and carrier will scour down the 
face of the bore, leaving a relatively 
clean area. Third, considerable fractur- 
ing of the formation will be present, 
such fractures extending as far as two 
or three feet into the formation. 

In using the open hole charge for well 
completions, it has beén learned that 
the benefits to be obtained from this 
type of shooting may | ‘be measured by the 
hardness of the formation. If there is a 
tendency for the formation to slough off 
or cave, as in the Spraberry, it is gen- 
erally found that no benefits will be real- 
ized beyond those that would normally 
be found from developing a cavity in 
the producing zone. Generally worth- 
while improvements will be found if the 
formation will stand up and can be made 
productive. If the formation is dense and 
the permeability and porosity factors 
are relatively poor, it has been found 
that formation perforating has been 
sufficient to establish productive condi- 
tions, or has provided the proper basis 
for further treatment. 

The open hole charge has one great 
advantage in that is can be selectively 
shot in the zone the operator would like 
to have perforated. This means that, in 
the case of acidizing, the section to be 
acidized can be selectively perforated to 
create channels of low resistance and 


West Texas 





thereby assure that the formation is suc- 
cessfully treated in the desired areas. It 
has been found that much less acid has 
been needed and breakdown pressures 
have been substantially lower through 
the use of the open hole jet process. 
Likewise this type of perforating has 
proved successful when used in conjunc- 
tion with hydraulic fracturing. The deep 
penetration and the resulting cracking 
successfully establish a predetermined 
point where bedding planes may be ex- 
pected to rise under hydraulic pressures. 
The results obtained from hydraulic 
fracturing in combination with open 
hole perforating have in some instances 
been phenomenal while in other in- 
stances the process has not been helpful. 
The open hole charge has indications 
of being a valuable tool in water flood- 
ing operations. Some work of this nature 
has been performed in the Settles Shal- 
low pool, in Howard and Glasscock 
counties, where production is from the 
Yates sand, with initial results that were 
quite satisfactory. Although this type 
of remedial work .is not recommended 
for all types of wells, it is_believed it 
can be used to an advantage: in certain 
types of formation and: ‘uellic onditions. 
In West Texas,°as well as in any area, 
positive deep penetration and a known 
hole density assure maximum efficient 
production. The results obtained with 
both casing and open hole jet perfor- 
ating have been proved by the remark- 
able record that has been established in 





for formation perforating. First, it pro- 


a relatively short period of time. * * 
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Economical and easiest to install. 


cement is placed. 
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P.O. Box 5266 ‘ NCOPOTAEA 3545 Codey Aiea 

Long Beach 4-8366 


Houston 12, Texas 


SCRATCHERS 
CENTRALIZERS 
A ‘ced § CEMENT JOB 


Band W LATCH-ON CENTRALIZER 
With the NEW KON-KAVE BOW, Drop forged 


Band W MULTI-FLEX SCRATCHER 


Scratches on the upstroke after casing reaches bottom. 


Bond W HINGED NU-COIL SCRATCHERE 


Band W ROTATING SCRATCHER 


Covers the critical section — rotate until the 
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MARRY 


For Rod 
or Tubing 
Pumps 


WEST COAST 












And it may not cost you a cent. 
cases the MARTIN PLUNGER costs no more than 
the replacement of your present plunger. MARTIN 
CAGES, with their long life, synthetic rubber bal! 
guides, protect balls and seats and increase savings. 
Ask almost anyone around Freer or Smackover, or 
Oklahoma City, or wherever hard pumping condi- 
tions are found. 


9 W. Brady St., Tulsa, Okla. 


Reduce , = — 


for 


pump repairs and well pulling 
due to pump trouble 


SAV 


per year on a SINGLE well 





UP TO 80% 
UP TO $2500.00 


. for in many 


Sold thru your supply company. 


Field representatives: 


E. W. Brockman, Tel. 7-7477, Tulsa 

Don C. Davis, Tel. Wilson 8055, Ft. Worth 
Tom Hulett, Tel. 3-4545, El Dorado, Ark. 
L. K. Martin, Tel. 2-5317, Corpus Christi 
J. L. Davis, Tel. MOhawk 4891, Houston 


JOHN N. MARTIN 






MANUFACTURER 
Tel. 4-9415 








To obtain more information on products advertised see page £-41 
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PERE LTR 


| When you buy an Axelson deep well plunger pump you 
are getting the finest equipment that can be made. 
But, equally important, you have the assurance that 
this equipment will not become an orphan in the 


:-_ nm bn hei, 


field. Axelson, with its years of service to the 
Petroleum Industry, has a far flung field organization 
which affords a ready source for replacement parts, 
and Axelson experts fully capable of handling any 

f special problems which might arise in the field. 

e Buy Axelson products from Axelson sales offices, 

@ field stores, direct representatives and authorized 

’ distributors in all principal oil fields, 

both foreign and domestic. 


| Write on your letterhead for an 
Axelson Production Calculator. 


Axelson “TLE” [Tubing Liner] Pump shown. 
Theré is an Axelson Deep Well Plunger Pump 
for every specific well condition: 






AXELSON MANUFACTURING CO. e PLANTS — Los Angeles 58, California; St. Louis 16, Missouri. OFFICES — New York City 7, New York; Tulsa 1, Oklahoma; Buenos Aires, Argentine. 
DISTRIBUTORS — Jones & Laughlin Supply Co.; Great Northern Tool & Supply Co.; Industrial Agencies, Ltd., San Fernando, Trinidad, B. W.1.; Industrias Waldrip & Campbell, 
Barcelona, Caracas and Maracaibo, Venezuela; South American Supply Co., Ltd., Lima, Peru; Sociedad Comercial de Materias Primas Limitado, Rio de Janeiro, Brazil. 
G. Saavedra e Hijos, S. de R. L. Avenida Morelos 31, Mexico, D. F.; Dominion Oil Field Supply Co., Ltd., Calgary, Canada. 























FIG. 1. The combination gin pole and ‘‘A”’ frame is FIG. 2. On the right is illustrated the wide spacing between the two 
used on the Lee C. Moore 142-ft jacknife derrick. side boxes of the sub-structure. Also shown, but in somewhat limited 
Purpose is to provide a gin pole for possible detail, is the turnbuckle tie-down for the drawworks. 

servicing of the crown when in the raised position, 

and to provide a ready ‘‘A"’ frame. 


Phillips Tackles Rig Mobility 


RE and Drill Pipe Preservation 


ou 
Doric the last few weeks anyone wishing to contact Jack much thought had been given by Phillips Petroleum Company 
Marsee, Phillips drilling superintendent in Odessa, Texas, to the idea of having a mobile rig that was easily and conven- 
could have found him in the drilling and materials yard. Here _iently converted to either of its functions. The desire was to 
being assembled was his pride and joy—the company’s brand have a drilling rig that could be rigged-up, drill, torn down, and 
new rig complete with a jack-knife derrick and special sub- moved again in a jiffy. 
structure. With this brain wave in mind the necessary details were 
But the story commences earlier. For a considerable time schemed and planned over a period of many weeks, and no 
n 





FIG. 3. Extreme rear end of engine sub-structure on the driller’s side. FIG. 4. Hatchways in ceilings of doghouses built in 
The three-level construction of the sub-structure is shown. Note the built-in engine structure for purpose of providing a ready 
steps and the mounting of the water lines along the side of the access to anything stored in doghouses. 

structure and the rear ‘‘A”’ frame leg adjusting device. Surrounding channel will catch any water poured 


on top of doghouse and also interlocking lip of lid 


will prevent any water from being blown under it. 
anting. 
rpbell, 
Brazil, 
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FIG. 5. Part of equipment used in sandblasting drill pipe. This work is being 

done by J. E. Baker, contractor. In this particular instance, pipe is having a ‘brush 
cleaning’’ to remove dried drilling mud left inside. Once the cleaning is accom- 
plished, Phillips Kolox 118 will be sprayed inside pipe to act as a preservative. 





FIG. 6. Tool joint threads after having been cleaned by sandblasting. 
Threads as clean as those shown in this photograph would rust quite readily. 
Preservative oil previously mentioned is applied to the threads of 

both the pin and box as well as the interior of the pipe. 


doubt a fair share of “arguing the 
point” was thrown in to the considera- 
tions. All the ideas were eventually in- 
corporated in the manufacture of the 
new rig, and this completely mobile unit 
is now on a well location. Figs. 1, 2, 3, 
and 4 show just a glimpse of some of the 
special design features. 

In another corner of the same yard 


B-74 


men are busily engaged in sandblasting 
used drill pipe. By this method an in- 
ternal “brush-clean” treatment can be 
given, which enables Phillips Kolex 118 
to be effectively sprayed as a protector 
on the cleaned surface. The pipe can 
then be stored until required -because 
the possible occurrence of corrosion has 
been nullified, kkk 
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British Columbia Site of 
Extensive Drilling in 1952 


During 1952 the main concentration 
of Pacific Petroleum Limited’s drilling 
activities will be in the general Fort 
St. John region of northeast British Co- 
lumbia, said Frank McMahon, Pacific’s 
president, in the company’s annual ie- 
port to shareholders. McMahon stated 
that six rigs are currently engaged in 
exploratory and development work in 
that area, and that further rigs will be 
added to the program that has already 
yielded five gas and distillate-bearing 
zones, with two of those zones having 
also given up significant oil recoveries 
that have not as yet been fully evalu- 
ated. 

The annual report showed the com- 
pany’s production for year ended Feb- 
ruary 29, 1952, to be 456,523 bbl, valued 
at $1,109,216, an increase of 45 per 
cent over the previous year. Net value, 
after royalties, was $931,119. Net re- 
turns from well operations for the year 
reached a total of $770,439, the highest 
figure yet attained by the company, and 
an increase of 25 per cent over 1951. Net 
income of $1,195,339, remaining after 
deduction of all expenses and write-offs, 
include depletion and depreciation, has 
been transferred to earned surplus. 

Pacific has gross acreage interests to- 
talling 6,013,077 acres, in Alberta, Brit- 
ish Columbia, Saskatchewan, Manitoba. 
and North Dakota. The company’s net 
acreage interest amounts to 3,324,393 
acres. The company has varying interests 
in 75 producing oil wells and a number 
of capped gas wells. 

McMahon said that three events have 
taken place during the past 12 months, 
which are of outstanding significance to 
Pacific’s progress. These include: Dis- 
coveries of gas and distillate in the Fort 
St. John area of northeastern B. C., the 
granting of gas export authorization to 
Westcoast Transmission Company, Ltd., 
by the Alberta Government; and the ac- 
quisition of a controlling interest in 
Peace River Natural Gas Company, Ltd. 
PRNG’s land holdings are generally 
held in association with Pacific, and 
lie in the Peace River area in northwest- 
ern Alberta and northeast B. C. On 
February 29 of this year they were com- 
prised of nearly 1,500,000 acres, in 
which the company had a net interest 
of just less than 600,000 acres. 

The company recently reported a new 
well in the Fort St. John area. A total 
natural gas flow rate of 2,498,000 cu ft 
daily was received from the Mid-Triassic 
during two drillstem tests in a 43-ft in- 
terval at their No. 6 well in the Fort St. 
John area of northeast British Columbia. 
The well, Pacific-Fort St. John No. 6, is 
situated two miles west of No. 4 well 
which also yielded gas from the Mid- 
Triassic. First drillstem test, from 4908 
to 4928 ft, flowed gas to surface in three 
minutes, at rate 848,000 cu ft per day. 
and yielded a two-hour pipe recovery of 
185 ft of black, sulfury, naphtha-cut, 
highly gassy mud. Second test, of inter- 
val 4,928 to 4,951 ft, flowed gas at 
maximum rate 1,650,000 cu ft daily dur- 
ing 90-min test. Pipe was being pulled 
at last report. 











Aggravating, money-grabbing down-time has been 
eliminated on this 42-mile pipe-laying job by a tireless 
“Caterpillar” Diesel D13000 Engine. Houston Con- 
tracting Co., Houston, Tex., declares flatly “the job is on 
schedule due to dependable ‘Caterpillar’ power.” 


For four bustling years, the hard-working D13000 
Diesel has pumped unfailing power into this Buckeye 
Ditcher without a shutdown for repairs. On a job, its 
unflagging output is required the clock around or the 
entire operation squeals to a costly halt. 


“This is the only ditcher on the job,” reports a com- 
pany foreman. “It runs 24 hours a day. Progress of the 
entire job depends on this ditcher.” 


The big mucker is digging 6,000 feet a day of a 6-foot 
trench 44 inches wide. The 30-inch loop line between 


-time 


Cypress and Fostoria, Tex., is being laid for the Tennes 
see Gas Transmission Co. 


“Caterpillar” Diesel Engines have their inexhaustible 
energy built into them at the factory. Their fuel systems 
are designed so you can forget about operating adjust 
ments. Their injection valves are interchangeable. ‘l‘hey 
burn low-cost, non-premium fuels without fouling. 


Specify “Cat” Diesels in the equipment you buy. 
And, visit your “Caterpillar” Dealer. He has a wide 
selection of dependable power units to keep your job 
on schedule. 


CATERPILLAR TRACTOR CO. PEORIA, ILLINOIS 


CATERPILLAR 


REG. U. S. PAT. OFF. 


gq GRADERS 
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Magnolia’s University of Texas No. 1 in Andrews County, on the plains of West Texas. 


Deep Producing Record Made 


Sac RO ig ime as ml 





in West Texas 


Magnolia pays top price for University of Texas 
lease and brings in good well at 13,840-84 ft 


A NEW depth record for a producing 
well in the vast Permian Basin area 
of West Texas and New Mexico was 
set May 20 when Magnolia Petroleum 
Company completed its University of 
Texas well No. 1 in northeastern An- 
drews County. Drilled to a total depth 
of 13,918 ft, the well was completed 
through perforations from 13,840 to 
13,884 ft in the Ellenburger formation 
and flowed at the rate of 555 bbl daily 
of 44.7 gravity oil through a 14-in. tub- 
ing choke. 

Located on a 323.6-acre tract on one 
of four sections of University of Texas 
land in northeastern Andrews County, 
the exact location of the well is in Sec. 
17, Block 8 Lease, N12, Sec. 17 and 
entitled University of Texas Lease No. 
36994. 

The well was known to be an impor- 
tant discovery when drillstem tested in 
the shallower Devonian formation last 
February. 

It was on June 8, 1951, that these 
four sections totaling 2588.8 acres were 
put up for auction at Austin. The Uni- 
versity of Texas Lands Committee allows 
companies or operators to conduct sur- 
face geology, gravity meter, and seis- 
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mograph work, or any kind of geologi- 
cal or geophysical exploration before 
leasing land but the information ob- 
tained has to be given to the committee 
at a later date. Prior to the bidding 
last June, Magnolia shot the area but 
did not ask the Lands Committee to sub- 
mit it for auction. Other companies also 
conducted exploration there and one of 
them requested that leases in the area 
be put up for auction. 

At the bidding several companies 
made substantial bids. Among them 
were Humble, Shell, and Stanolind. 
Gulf and Magnolia were the last two 
bidders. The Gulf Company named $1,- 
270,000 as their top bid. Magnolia then 
bid $1,280,000 for the lease and was 
awarded it. 

To indicate the hazards of wildcat 
drilling, another block nearby sold for 
a million dollars prior to that sale by 
the University of Texas Lands Com- 
mittee. An exploratory well resulted in 
a dry hole. In Magnolia’s University 
of Texas No. 1 discovery well, Magnolia 
had a small oil show in the Spraberry, 
a slight gas show above the Devonian. 


EXCLUSIVE 
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and an excellent drillstem test result 
in the Devonian. Below the Devonian 
there were chances of production in the 
Silurian and Ordovician. The Devonian 
was carefully cored to determine the 
thickness of the pay there. The nearest 
wells that had been drilled to the 
Devonian in the area were some 10 
miles east (this resulted in a small pro- 
ducer) and about 12 miles to the north. 
This latter was a dry hole. 

Magnolia topped the Devonian at 12.- 
552 and drillstem tested the well from 
12,554 to 12,572 ft. On a 5% by 1.-in. 
choke the well flowed gas in 15 min at 
an estimated rate of 240.000 ft per day 
and flowed oil in 20 min. After clean- 
ing, the well flowed 4914 bbl of 42 
gravity oil the first hour and 5734 bbl 
the second hour but it was decided to 
carry the well on to the Ellenburger. 

The lease on the four-section block, 
dated June 8, 1951, is to run for five 
years. Royalties from University of 
Texas Land Leases go to the University 
of Texas Permanent Fund, which pro- 
vides endowment for the University of 
Texas and its branches and Texas A. & 
M. College. 

Lease provisions required that a well 


Above, relief production foreman, 
Thomas E. Wright, at Magnolia’s 
University of Texas Well No. 1. Regular 
production foreman over the spread 

is Phil Houston of the company’s 
Brownfield producing district. 


Top right, Magnolia drilling tools 
foreman, Emmett Preston, and geologist, 
Albert W. Ward, at the University of 
Texas Well No. 1 in Andrews County 
taken when the well was being drilled. 


At right is close-up of 
the new deep producer. 


be started within 180 days after the date 
of sale and that the well be drilled to 
5500 ft or commercial production. This 
5500 ft level represents exploration to 
and including the San Andres produc- 
ing horizon in that part of West Texas. 

Other leases in the same general 
structural area were bid in the same 
day by Gulf, Phillips, and Superior. 
The amount of money spent, including 
Magnolia’s, on June 8, 1951, was about 
$5,500,000. Some awards included drill- 
ing provisions but others did not. Bid- 

_ding that day established a record for 
leases awarded on University of Texas 
lands in West Texas. Early this month 
(around June 6, 1952), oil companies 
set another record bidding for leases on 
University of Texas lands in West 
Texas, paid $7,805,000 bonus money for 
drilling rights on approximately 39,440 
acres. 

Magnolia’s block in Andrews County 
is composed of five separate leases. All 
must be drilled on and perpetuated by 
the end of a five-year period. The com- 
pany’s leases are about 32 miles north- 
west of the city of Midland. * * * 
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Ol 1 PUMPING 
ENGINE? 


ive You These 4 Outstanding Features 











aby awd Safe te Start 


A flip of the release cam and the flywheel momentum 
rides through the compression of the combustible mix- 
ture. This is possible because the simple hand control 
cam holds the inlet valve open (not exhaust valve), 
thereby releasing compression. Yet the combustible 
mixture is allowed to charge the cylinder during free 
cranking—an exclusive CSCO feature. 





SAFE! Impulse does not trip until after dead center 
. «+ $0, it can't kick back! 


Easy to Sewicw 


There's no need to stop a CSCO to check oil level 
. .. to add oil . . . to check water level .. . or to 
add water. And you can SEE when an oil change 
is needed, for on a CSCO the oil level is plainly 
visible at all times. Instant wrenchless access to 
the crankcase, through the extra large opening, 











restart! 








' 
makes oil changing and cleaning out of the oil 
sump easy and quick. fj 
Since there's no need to stop, there's no need to Y 
V ' 





CSCO parts needing repair or attention 
can be removed from the engine with o 
minimum of disturbance of adjacent paris. 
or assemblies. For CSCO design embodies 
unit assemblies, permitting quick and easy 
accessibility. For example, the piston and 
rod assembly is easily removed through the 
crankcase without draining the water or oil. 
No other essential parts are disturbed! 
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RPM vs TIME CHART A DEPENDABLE WORKER 


QS a QO fc“ Orne, OAs £5 
plats “ET a VJ + ee SF ais 


Tees VAREATION OF ORDINARY LIGHT WHEEL ps, ee ALWAYS SAVES YOU MONEY! 











Since a CSCO Pumping Engine 


CSCO Heavy FrywHeeut and DamPED GOVERNOR EnGine 





easier to maintain and gives smoothe 








and steadier performance, it is mor 
The degree of damping chosen for CSCO Pumping f = 
Engines is exactly suited to their extra heavy flywheels. - f economical to operate. Costly shu! 
They team up to produce the, smoothest running engine on : v " outs P 
oil well pumping. The flywheel inertia provides the peak : : downs are held to a minimum. In fact 
power while the oil damped governor holds the throttle 
steady, thus permitting engine to average the power, 
up to its full capacity. 5 


when renewal of a CSCO is desired 


all work can be done on location! 
No need to derate CSCO Engines on oil well pumping! P : 
Write or ask your Continental man f 


a CSCO bulletin and complete detai! 


on the full line. 


THE CONTINENTAL SUPPLY COMPANY, General re DALLAS, TEXAS 
Export Division: The Continental Supply Co., Inc., 30 Rockefeller Plaza, New York, N. 
The Continental Supply Company, 134-135 Salisbury House, London Wali, London E.C.2, England 
The Continental Supply Company, Limited, 216 Lancaster Building, Calgary, Alberta 
Xepresentatives: ARGENTINA © BOLIVIA © BRAZIL © CHILE © COLOMBIA ¢ ECUADOR © PERU © TRINIDAD © URUGUAY © VENEZUELA 














Math Iverson No. 1 on the night of November 1, 1951, when the NOTE 
8500-ft producing interval was discovered. 
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“mmm «Packer as bridge plug 


FIG. 1. Diagrammatic sketch of operations. 


Ten Packers Are Used to 


Complete North Dakota Well 


Independents drill below the present productive 


horizons in Williston Basin at successful wildcat 


JACK MENNEER* 


Anyriinc that happens in the Willis- 
ton Basin concerning oil immediately 
becomes international. But do not con- 
sider this alarming or that “interna- 
tional incidents” will occur; it is simply 
answered by stating that the geological 
structure of the basin straddles the 
international boundary of the USA and 
Canada. The area has been receiving 
much attention during the last few 
years, and many have high hopes for its 
future oil/gas possibilities. 

An interesting well completion meth- 
od was recently performed on the 
American side of the “fence” in the 

*Kditor Drilling and Producing. 
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Math Iverson No. 1. The well, elevation 
2326 ft, is situated in Williams County, 
North Dakota, and is jointly owned by 
Rudman, American Viking Corporation, 
and Tioga Petroleum Corporation. The 
technique employed is somewhat of an 
innovation and merits attention because 
of its possibilities in well testing and 
completion. 

The Math Iverson wildcat, completed 
as oil producer, can be considered as 
extending the Beaver Lodge field 114 
miles to the south. It is the first well in 
the basin brought in by a small inde- 


EXCLUSIVE 


pendent operator. It is also pertinent 
to note that even at this writing there 
are only 15 other oil wells producing in 
North Dakota, and these belong to the 
Amerada Petroleum Corporation. More- 
over, the Math Iverson No. 1 is the first 
well drilled that has substantiated that 
commercial oil occurs in the area at a 
greater depth than the currently pro- 
duced horizons. 





Packers for Plug-Backs 


Rudman, American Viking Corpora- 
tion, and Tiega Petroleum Corporation 
have successfully completed a wildcat 
well in Beaver Lodge pool, Williams 
County, North Dakota (the Williston 
Basin). A tatal depth of 12,001 ft was 
reached, and it is the first well to be 
produced by an independent operator 
in that area. 

By employing wire line retainer pro- 
duction packers for a prolonged but 
satisfactorily conducted testing pro- 
cedure, a saving of $25,000 resulted. 

A series of plug-backs using the 
packers as permanent bridge plugs was 
accomplished. In all, ten were used, and 
the tenth is the present production 
packer for the well, now flowing 600 
bbl a day of 45.5 gravity oil from a 
depth of 8500 ft, pressure 1300 psi on 
Y% in. choke. The well was completed on 
April 28, 1952. 

Here is a case history of deep well 
completion of arresting interest. 
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FIG. 2. FIG. 3a. FIG. 3b. 


FIG. 2. Baker retainer production packer. FIG. 3a: 180° Cutaway view of 
Baker retainer production packer. FIG. 3b. Cutaway view 180° of Baker 
retainer production packer with lower end of tubing string (composed of 
_ perforated production tube, two tubing seal nipples, and locator sub) 
installed in the packer. FIG. 4. Cutaway view 180° of Baker retainer pro- 
duction packer with lower end of tubing string (composed of perforated 
production tube, two tubing, seal nipples, and no-left-turn latching sub) 
installed in the packer. FIG. 5. Line drawing (180° cutaway) showing 
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Extensive production testing pro- 
grams were conducted in the explora- 
tory well and as a result three produc- 
: tive pays were found in three distinct 
zones, 8360 to 8500 ft, 11,600 to 11,625 
ft, and 11,740 to 11,770 ft. The second 
and third zones both had an initial pro- 
duction of approximately 1000 bbl a 
day of 55 gravity oil. (See Fig. 8, Tests 
4 and 5.) In addition, although not 
actually subjected to production tests, 
the Upper Devonian showed three pos- 
sible commercial producers when drill- 
stem-tested. The well, however, was 
finally completed as a Mission Canyon 


Math Iverson No. 1 shortly after 
spudding-in and before the rig was 
completely winterized. Note the 
enclosed drawworks. Later, to the left of 
the water tank a boiler house was 
erected to supply steam for completely 
heating the rig and fourble board. 
Without such an arrangement working 
conditions during the severe winter 
would have been impossible. A National 
125 rig (144-ft jack-knife mast) was used. 
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Baker retainer production packer before the tubing string (lower end com 

posed of perforated production tube, two tubing seal nipples and locator 
sub or no-left-turn latching sub) has been installed in the packer. FIG. 6 

The Baker retainer production packer with the Baker wire line pressure 
setting assembly. This is a picture of the packer and the setting too! as 
they appear just prior to a run in a well. The packer, when set, remains in 
the well; the setting assembly is retrieved on the wire line. (The wire line 
is usually the electric cable of well service companies.) 






Williston Basin’ 












































































































































































































































































































































































































FIG. 8. PRODUCTION TESTS—THROUGH FIG. 7. DRILL STEM TEST DATA. 
PERFORATIONS 
Math Iverson No. 1, Williams County, North Dakota 
Math Iverson No. 1, Williams County, North Dakota (Rudman, American Viking Corporstion, and Tioga Petroleum Rice’ 
(Rudman, American Viking Corporation, and Tioga Petroleum Corporation) 
Hydro- Initial Final 
Test 1 11,918-11,930 ft Perforated interval 11,918-930 ft which resulted in a non- Tool static flow flow = 
productive test. Depth open press press press itis 
Test 2 11,880-11,860 ft Interval 11,830-860 ft was unsuccessfully perforated. Test ft mins psi Pai (Bins) | Recovered Ges ase 
Test 3 11,880-11,800 ft Perforated interval 11,890-860 ft. Tested as nou-prod- ee ee Cee eee 
uctive. o . 
mated oil in 3 hours. 
Test 4 11,740-11,770 ft Interval 11,740-770 was ae ores 1,000,000 cu ft 
Test 5 11,740-11,770 ft em. Deepest Williston Basin my gas per day. 
back to 11,780 ft. rete 1 11,740.70 t, 180 2 8,495- 360 5000 150 600 3300 1089 ft of Continuous 
ots. Acidised 3000 gal. Well kicked off immediately. 8,530 water. slight blow of 
Flowed back acid water and oil at rate of 15 bbl per air. 
hour, 80 per cent 55-gravity oil, 20 per cent aci 3 8,535- 60 5200 400 592 ft of dril- Continuous 
on 12-hr test. Esti gas volume 1.5 million subic 8,587 ing mud. slight blow of 
feet per day. | preamne 1200 pet cn 20/8 ir. Misrun. 
oke. ized 15,000 gal. Flowed back acid water 4 9,869- 105 5800 1050 1225 1400 1170ftofwater Continuous 
fe edly Ly TS 450" bb per day. Estimated gas 2.5 9,929 cushion. 810 ft slight blow of 
day. On 12-hr production test, flowed vi- gas and oil cut air. 
il at rate of 550 bbl per day, trace water, ths mud. 1 ft free 
Met as per day. Fi pressure on tubing 2250 psi oil. 
on 24/64the-in. choke cases soemare 0, Chea sate & 10065-1990 .... -.... .... 5... Reset, tool af- 
5000. pei. Sh . late 7. fon 10,168 2)25 5900 800 900 4000 1900ftofwater ter 30 min. 
pe. - patasuiie through ones cushion Slight blow of 
pe. ane on air for 10 min. 
Test 6 11,600-11,625 ft ed beak to 11,724 ft Perforated 11, seoeie ft, 40 te ag 
7 wey 5-630 8 cidized 5000 Flowed 2 
odd waler on oil at rate 60 bbl per hour, 500 psi 6 10,307 80 6400 960 1170 4175 1980 ft of gas eg 
10,428 cut watercush- strong blow o! 
on jay 15/64th-in. choke. Turn ion. 320 ft gas air. 
flowed gas, water, oil 18 hours, 60 bbl fluid per hour, cut mud. 45 ft 
estimated 15 per cent water. On production test into of oil and gas 
~s 3 cu er Sy 03/4 cok. cut m 
an cu ft gas per on hs-in. choke. 
— pressure 1450 psi, casing pressure 0 . Approxi- 7 10,481 300 6100 1400 4750 5500 — water 
FP oa r water diminishing as test proceeded. exh onl water 
150 sacks through producti ——- 240 ft of rock 
Test 7 10,830-10,845 ft Plugged pack AA ih 564 °. aetediiene ft 90 salt crystals. 
peed cry ry and well made small amount of gas 8 10,536- 195 5850 925 1000 3750 2000 ft of oil Continuous 
and 1 bbl high dee te hour. ee perfora- 10,564 and gas cut good blow of 
tions 87 sacks t uction packer, water cushion. air. 
Test 8 10,360-10,385 ft Plugged back to 10,800 ft. Petra 109 10,300.385 ft, 150 210 ft of free oil. 
shots. Well made small amoun cnous ge sae 9 10,820- 1330 sii oa tl Reset tool af- 
oil swabbing. Acidized 5000 gal. Well back part 10,855 2)60 6450 1250 1350 1600 2500ftofwater ter 30 min‘ 
of load water and made some gas and small amount of ‘ (CI5min)cushion. 1260 Very slight 
oil swabbing. Re-acidized 10,000 gal. Flowed load water ft of heavy gas blow for 8 min. 
and acid water. Made gas estimated 250,000 cu ft per cut andsligh 
day and 2 bbl high paratin oil per hour — oil cut m 
Squeezed perforations through production pack 990 ft of mud. 
Test 9  8,545- 8,560ft Pl back to 10,322 ft. Perforated 8545-560 ft, sodete. 10 11,587- 180 6450 1625 1625 5400 3600ftofwater Continuous 
ade sulfur water and s amount of oil swabbing. 11,622 cushion. 180 ft slight blow. 
cme through production packer 175 sacks for water of gas cut mud. 
shut o 11 11,679- 180 7000 1800 1850 5500 3780ftofwater Slight blow of 
Test 10 8,470- 8,490 ft Plugged back to 8522 ft. Lage pe 8470-00 ft, 132 shots. 11,745 cushion. 180 ft air for 25 mins. 
i made gas and some oil swabbing. Acidized 2000 of gas cut mud. 
gal. Flowed back load oil and oak water at rate 25 bbl 8 ft slightly oil 
per hour with th 1400 pa on tabi , Mth-in. choke. ue. Terned cut mud. ; 
into tanks. Flowed 525 b | 45-E-gravity 12 11,748- 225 7090 1790 2155. 4675 3700 ft of water Slight blow of 
Estimated gas-oil ratio M05 1. Tose a a oil 11,798 cushion. 450 ft air for 12 mins. 
following 24-hr .period on rate 4 —* tubing pres- of sulfur water. Strong blow 
sure 1300 psi, casing pressure 1 “= Flowed 224 bbl 90 ft of mud. after72nd min. 
oil during each of two successive 24- een tests 270 ft of 47 Gas to surface 
on 10/64ths-in. choke, tubing pressure 1 £1150 be gravity crude in 132min, and 
pressure 1400 psi, gas-oil ratio 1030/1. Powel 150 b oil. oil in 3 hours. 
in 24-hr on 8/64ths-in. choke, tubing pressure 1300 psi. gas for 
On production tests, basic sediment and water averaged 7 hr. Gas pro- 
3 of 1 per cent throughout. Bottom hole shut-in pres- duction, 3,000, 
sure after 38 hr 3653 psi at 8400 ft. 38-hr shut-in pres- 000 cu ft per 
sure on tubing 1510 psi. On official potential test, flowed day (Est.) 
596 bbl 45.5-gravity oil, 24-hr, gas-oil ratio 1034/1. 13 11,797- 300 7000 1700 2500 5450 3600ftofwater Continuous 
Combed el 1250 psi, casing pressure 1000 psi. i cushion. 900 ft good blow of 
mp April 28, 1952. ofsulfur water. air, in 
during test. 




















(Madison ) producer through perfora- 
tions at 8470-8490 ft, which is in the 
first interval that was previously men- 
tioned, and flowed at the daily rate of 
596 bbl of 45.5 gravity oil on %4 in. 
choke, THP 1250 psi, CHP 1000 psi, 
GOR 1034, and BS and W 0.3 of 1 per 
cent. (See Fig. 7, Test 10, and Fig. 8, 
Test 10.) 

The realization of a wildcat being a 
producer automatically creates a feeling 
of achievement; the advancement into 
the deep unknown has its rewards. The 
case history of the Math Iverson No. 1 
well is an example of such, and merits 
a discussion with a particular study of 
the techniques employed to obtain pro- 
duction, together with the presentation 
of valuable formation data. 

The well was drilled to a total depth 
of 12,001 ft. Surface casing was set at 
560 ft, an intermediate 95% in. string 
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was cemented with 1000 sacks cement 
at 5740 ft, and 7 in. casing was ce- 
mented with 1200 sacks cement at 12,- 
000 ft. Several drill stem tests (see 
Fig. 7) were made, many cores (see 
Fig. 11) were taken during the drilling 
of the well, and the formations pene- 
trated are summarized. (See Fig. 10.) 
After setting the 7 in. casing it was 
necessary to carry out a series of pro- 
duction tests and this was accomplished 
by the employment of perforating, and 
acidizing methods (see Fig. 8), in con- 
junction with a retainer production 
packer.t (See Figs. 2 and 9.) 


Retainer Production Packer 


On account of the number of prob- 
able production tests, the use of an 





{Baker retainer production packer run on, 
and set by an electric cable. It is a non-cor- 
rosive cast-iron and drillable tool. 
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economical and reliable packer was 
essential. Time consumed running in 
and out of the hole, and the fear of hav- 
ing in the well a non-drillable tool dur- 
ing cementing operations were factors 
that had to be seriously considered. It 
was decided that the special packer 
would be best suited for the task, and a 
grand total of 10 was used in the Math 
Iverson No. 1. (See Figs. 1 and 7.) 

Seven of these packers were finally 
used as permanent bridge plugs, two 
were drilled out and the last one re- 
mains as the production packer for the 
well. The original intention of having 
a satisfactory tool was accomplished, 
as not one instance of an operational 
difficulty was encountered in connection 
with the packers. By applying the pack- 
ers, as opposed to normal procedures, 
it can be conservatively estimated that 
a saving of $25,000 had resulted. 






Williston Basin 














FIG. 9. PRODUCTION PACKER DATA. 


Baker, Model 415-D* (Wire mg bey 
Math Iverson No, % ee Coy 








(Rudman, American Vi aad Toga pd mee Corporation) 
Depth 
Packer set, ft Remarks 
1 11,900 Predation test of pateonied & interval 11,918-930 ft. Zone non-pro- 


boone cemented. Packer as a permanent bridge plug. 
(See Fig. 8 La oie 
2 11,800 Drilled out packer due to unsuccessful perforating job of interval 
11,830-860 ft. (See Wie 8, Test 2) 
3 11,789 Tested interval 11,830-860 ft. Shr ere ia Packer used as a 
aro bridge _ (See Fig. 8, Test 3.) 
4 11,725 Drilled out packer di st gece te 0 job of interval 
11, 740-770 ft. (See Te 8, Test 4) 
5 11,725 Production test of perforated interval 11,740-770 ft. Obtained deepest 
Williston uction to date—1000 'D, 55 gravity on 
24/64th in. choke, GOR 5000:1 ~ arene wap at Packer used 
as a permanent bridge plug. (See Fig. 8, Test 5) 
6 11,564 Preeaien test of perforated interval 11,600-625 ft. Produced 1000 
D, 20/64th in. choke, 15 per cent water. Squeeze cemented. 
r used as a permanent bridge plug. (See Fig. 8, Test 6) 
7 = 10,800 Production tested ant poteaee interval 10,830-845 ft. Gas and oil 
present in n mmercial quantities. Squeere cemented. Packer 
cal an elie oes (See Fig. 8, Test 7) 
8 10,322 Production tested perforated interval 10,360-385 ft. Non-commercial 
quantities of oil and gas. Squeeze cemented. Packer used as bridge 
plug. (See Fig. 8, Test 8) 
9 8,522 Production tested perforated interval 8545-8560 ft. Non-productive. 
Squeeze cemented for water shut off. Packer used as bridge plug. 
(See Fig. 8, Test 9) 
10 8,436 Production tested perfora' pte sg ag ft. 596 BOPD, \ in. 
choke, GOR 1034:1 ore a 45.5 .'8, Test 6). Packer 
remains for producing the wel Moines 8, est 10) 


* Baker retainer production packer run on, and set by electric cable. 








FIG. 10. GEOLOGICAL DATA—FORMATIONS. 
Math Iverson No. 1, Williams County, No. Dakota ton. American Viking 
Cor ) 











poration, and Tioga Petroleum Corporation 
PI cin ccinscelssiccesecene 6,936 
i cthicis meena nesaeckats 7,070 
RES ore A 
ET ainecs.ccwepapaawes oxo 7,624 
or 8,225 
Mission Canyon (Madison)..... 8,262 
edge Foe (Madison)......... 8,915 
Theos Forks (Upper Devonian). 9,873 
| Na che nbeasnececkwes 10,074 
| Devonian Salt. . . 
Middle Devonian. 
Clarence Iverson 
Pay Zone 





FIG. 11. CORE STUDIES. 


Math Iverson No. 1, Williams County, North Dakota 
(Rudman, American Viking Corporation, and Tioga Petroleum Corporation) 





No. OD 9860-9918 ft. 13 ft black shale; 45 ft shale and dolomitic limestone, fair 
vugular porosity, oil oats, and fluorescence throughout limestone. Excellent cut 
with carbon tetrachloride. 
No. (2) 9918-929 ft. Dolomitic limestone, 30 per cent interbedded shale. Fair porosity, 
staining, and fluorescence. 
No. (3) 9934-992 ft. Dolomitic limestone. Fair porosity, staining, and fluorescence. 
No. (4) 10,147-168 ft. Limestone and dolomite, scattered porosity, some fluorescence, 
and fair staining. 
No. (5) 10,339-393 ft. Limestone and dolomite, scattered porosity and fluorescence, 
fractured vertically and horizontally. 
No. (6) 10,393-428 ft. Limestone and dolomite with trace gypsum, good fluorescence 
sory | horizontal fracture plane, some vugular porosity and staining, excellent show 
ast 5 ft. 
No. (7) 10,431-489 ft. Medium to dark brown limestone and grayish brown dolomite 
with trace gypsum, fractured horizontally with fair porosity and oil staining. 
No. (8) 11,466-513 ft. 30 ft very hard, dense, dark gray to black lime with vertical 
fractures; 8 ft t very hard crystalline lime vertically fractured with salt inclusions; 8 ft 
of dense lime, no fractures, no inclusions, no visible porosity. 
No. (9) 11,513-562 ft. Recovered 19 ft very hard, dense limestone with salt stringers 
and some vertical fractures, trace of oil fluorescence along fracture planes. 
No. {10) 11,572-622 ft. First 22 ft brownish orange to gray dolomite, dense, non- 
, nO stain or odor; 6 ft light gray dolomite, non-porous; 19 ft light to medium 
ee ies with variable r and cavernous porosity, strong odor, light brown 
to 75 per cent fluorescence; 3 ft gray dolomite, partly oolitic with fair to 
cp porosity, strong odor, black to light brown stain in porous dolomite, 
god per be fluorescence. 
No. (11). 11,624-672 ft. Dolomite, dolomitic limestone, and limestone with traces of 
scattered porosity and ng, highly fractured vertically and horizontally, strong 
sulfur odor, core saturated ‘ur water. 
No. (12) 11,679-727 ft. 18 Me light to medium gray, dense limestone, oolitic in part; 
30 ft gray, tan, and b —_- dolomite with some porosity, good fluorescence and carbon 
tetrachloride cut, a cinens sulfur odor, core saturated with black sulfur residue, highly 
fractured, particularly along horizontal plane. 
No. (13) 11,727-745 ft. 15 ft —_ ad - dolomite, dense with some porosity 
and stain; 3 ft limestone, hi highly fr lack sulfur residue in fractures, and strong 
sulfur odor throughout core. 
No. (14) 11,749-797 ft. 39 ft dark tan, light gray, and pinkish gray dolomite; 9 ft 


white and light tan limestone, oolitic in part, trace | chert in 3 ft of dolomite; 22 ft 
showed excellent porosity, good staining and high fluorescence. Core covered with 
black residue from sulfur gas and highly throughout. 


No. (15) 11,797-846 ft. 45 ft light gray, pinkish gray, tan, and brown dolomite; 3 ft 

brown limestone, ‘ood ot a ity and fluorescence over 12-ft interval. Entire core highly 

fractured verti orizontally. 

No. (16) 11,849-869 ft. 20 ft tan dolomite, hard and highly fractured in dense non- 
us interval, crumbly and rotten in porous in Black sulfur residue along 

owed and vertical fracture throughout core, strong sulfur odor, 8 ft of good 

vugular, cavernous, and pin point porosity, 50-90 per cent fluorescence. 

No (17) 11,871-903 ft. 32 ft pays gray, and black dolomite; 18 ft of core highly 

fractured, scattered porosity and fluorescence. 

No. (18) 11,903-951 ft. 39 ft teens and gray dolomite, oolitic in part; 8 ft brown 

limestone, horizontal fractures and strong yt odor; 12 ft of core had excellent 

cavernous porosity and fluorescence with fair carbon tetrachloride cut. 

No. (19) 11,952-979 ft. Recovered 21 ft tan, own, ond pry dolomite, dark brown 

staining, strong sulfur odor, highly fractured sulfur residue and stain 














throughout fractures. Scattered pin point and ae porosity. 








Testing Packer Make-Up 


The various cased-off formations in 
the Math Iverson No. 1 were tested 
through tubing and a retainer packer 
that had been set on a wire line, pre- 
viously and independently, above the 
perforated interval. The details of the 
operation will be discussed. 

Referring to Fig. 6 the packer was 
run-in on a wire line (electric cable of 
gun perforating service company) to a 
convenient point just above the top per- 
foration of the interval to be tested. (It 
is pointed out that before using this 
type of packer the well must be drilled 
to completion depth, and the casing set, 
and all the initial cementation com- 
pleted.) 

An accurate setting depth measure- 
ment was obtained by correlation with 
the casing collars and the packer was 
set simply by passing an electric cur- 
rent through the wire line to ignite the 
power charge, which in turn operates 
the pressure setting assembly. By this 
means the packer had now become a 
part of the casing itself, and, because 
the differential pressure below the 
packer was confined to that region the 
i001 was also a one-way bridge plug. 
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After the setting was completed the 
wire line was removed and tubing was 
run that included certain necessary ac- 
cessories for the packer. 

A description is given on the neces- 
sary order of inclusion, and the permis- 
sible variation of component parts for 
the make up of a string. (Commence at 
the bottom and continue up the hole.) 
(See Figs. 2, 3a, 3b, 4, 5, and 6): 


1. Perforated production tube. 
2. One or more joints of tubing. 
3. Two tubing seal nipples. 

4. Locator sub. 

5. No-left-turn latching sub. 

6. Tubing centralizer (optional). 


A brief description of the functions of 


. these various attachments follows. 


The perforated production tube has a 
rounded nose that facilitates both the 
entry of the tubing string into the bore 
of the packer and the opening of the 
flapper valve. It should be mentioned 
that although in most cases two joints 
of tubing were carried below the packer 
for operations in the Math Iverson wild- 
cat well, the length is optional and can 
vary between five to several hundred 
feet. The stipulation is, however, that 


the desired amount must be installed be- 
tween the perforated production tube 
and the tubing seal nipples. 

The nipples when in position seal-off 
the tubing from the smooth bore of the 
packer and thereby enable the packer 
to hold any pressure differential that 
may occur either above or below the 
tool, provided that such a pressure is 
within the safe limits of the other well 
equipment. 


Next, the locator sub permits the cor- 
rect positioning of the tubing seal nip- 
ples within the bore of the packer. If 
it is desired to anchor the tubing string 
to the packer a no-left-turn latching sub 
is incorporated in the place of the loca- 
tor sub, and the device can be latched 
on or released quite easily at will. The 
sub is positively engaged by a “snap 
lock” action when the tubing string is 
lowered into the seated packer, and for 
releasing, the tubing is rotated to the 
right. Its inclusion is particularly im- 
portant when tubing has to be placed 
in tension, for example running pres- 
sure bombs or when high pressures for 
cement squeezing or for fracturing the 
formation are necessitated that may 
cause the tubing to corkscrew or to be 
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forced out of the packer bore, particu- 
larly in shallow wells. The no-left-turn 
sub locks the tubing seal nipples in 
proper position within the packer bore 
and thus assures a tight seal regardless 
of the compressive or tensile behavior 
of the tubing string. 

A tubing centralizer is not absolutely 
essential, but it assists in guiding the 
tubing string into the bore of the 
packer. 

Having diverted to a consideration of 
the special parts it is necessary to revert 
to the running-in of the tubing string. 
The string, specially designed to be con- 
tinuous to, through, and below the 
packer, was run-in until the locator sub 
contacted the upper portion of the 





packer. (When a no-left-turn latching 
sub is used the latching-on is the con- 
tact point.) The lower end of the tubing 
string had forced the flapper valve open 
and had established communication 
with the sub-packer zone. 

It was possible to initiate the actual 
testing of the perforated interval when 
the section of the tubing that contained 
the tubing seal nipples was in position 
within the bore of the retainer produc- 
tion packer. 

As several zones were scheduled for 
testing in the Math Iverson No. 1 the 
lowest horizon was considered first and 
successive tests were conducted in a 
systematic fashion on receding up the 
well. 











AT YOUR 


SERVICE 


Ken Service Men 


READY TO HELP YOU during drilling operations, Ken Service Men 
offer close cooperation from the time of delivery of KEN-OIL 

oil base Drilling Fluid and KEN-PAK Casing Protector throughout 
the use of these fine products. KEN personnel is composed 


of well trained, thoroughly experienced petroleum engineers 
such as those pictured here: Wm. J. Rodgers in Oklahoma 

City, Okla.; Walter S. Forbes in Casper, Wyoming; 

Wallace McDivitt in Ventura, Calif.; Jay W. Waldren in 
Bakersfield, Calif.; and Forrest Holdeman in Long Beach, Calif. 


For complete information about Ken-Oil and 
Ken-Pak write today for illustrated catalog. 




















ORPORATION = 
OIL WELL DRILLING FLUIDS 
2425 Gundry Avenue, Long Beach 6, Calif. 
205 Irwin Keasler Bldg., Dallas, Texas 





Distributors: Mud Control Laboratories, Inc., 150 E. Midwest St., Casper, Wyoming 
1832 W. Reno St., Oklahoma City, Okla.; 111 N. Big Spring St., Midland, Texas 
Petroleum Industries Consultants C.A., Apartado 1953, Caracas, Venezuela. 
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Applicability 

A total of eight packers was used for 
testing purposes and various production 
techniques were included in these pro- 
grams. (See Fig. 8.) On setting the 
packer the well was induced to flow 
through perforations either with or 
without acidizing. Swabbing was often 
done and in many instances a repetition 
of these methods was performed on a 
particular zone. When production tests 
were warranted the packer was readily 
available in the well and it was easily 
converted for the role as a production 
packer. When the decision was reached 
to abandon the zone the packer and 
tubing string were employed, in place, 
for cementing-off the perforations, and 
when the tubing was pulled on the com- 
pletion of a squeeze cementation the 
flapper valve of the packer closed, and 
held the final squeeze pressure. The 
average final squeeze pressure below the 
packers was 4500 psi. The maximum 
pressure was 6500 psi (with 3000 psi on 
the casing). By the dropping of a spe- 
cial trip device a permanent bridge plug 
was obtained. The advantage of plug- 
ging-off in this manner is that if at some 
future date it is desired to deepen the 
well or, to go back and re-test or, to 
produce a presently abandoned zone, 
these plugs can be drilled-out without 
difficulty. (Two packers were drilled- 
out in this well.) 

The tenth wire line packer is now 
serving as a production packer in the 
well. If necessary this type packer can 
eliminate the killing of the well for 
remedial measures if the pressure dif- 
fential is below the packer or it can be 
utilized as a tubing anchor in future 
pumping operations. 

Ten packers in the Math Iverson No. 
1 were used in a series of completely 
successful applications, and further- 
more, prolonged testing programs were 
performed with a minimum of delay. 
In summary, the undermentioned points 
are incorporated in the wire line packer. 

1. Independent of set-down tubing 
weight or tubing tension. 

2. The tubing can be anchored to, re- 
leased from or, completely removed 
from the packer without any resultant 
effect upon the isolated zones that lie 
beneath the packer when the pressure 
differential is from below the packer 
itself. 

3. Permits the tubing string to con- 
tinue to, through, and below the packer. 

4. Has an absolute leak-proof pack- 
off against any pressure differential 
from either above or below the packer, 
within, of course, the safety limits of 
other well equipment. 

5. Can be used as a bridge plug or, 
testing or production packer or tubing 
anchor for pumping operations. 


6. Is non-corrosive, economical, and 
drillable. 
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Effect on Oil Recovery 
of LPG Injection’ 


HARVEY T. KENNEDY* 


Tue seasonal nature of the demand for 
LPG (liquefied petroleum gases) and 
the fact that they are frequently by- 
products of natural gasoline manufac- 
ture, often makes unusually large stor- 
age capacity for them necessary. De- 
pleted gas-drive reservoirs represent one 
of several possibilities for this purpose. 
At moderate depth, say one or two thou- 
sand feet, they are adequate to hold any 
required pressure. Except for the wells, 
which may be utilized or easily plugged, 
they are leak-proof. And even a small 
reservoir, as reservoirs go, is a very large 
storage tank. If a reservoir of this type 
can be selected that has substantial in- 
clination to the strata that comprise it, 
there is an additional advantage that 
important oil production may result 
from the swelling and thinning effect of 
the LPG on the residual oil. 

In solution gas-drive reservoirs de- 
pleted by primary producing methods, 
one can expect to find from one to two 
thousand barrels of gross pore space per 
acre-foot. Generally 20 to 30 per cent of 
this space will be filled with connate 
water. This water is usually immobile, 
and its importance as regards LPG stor- 
age is limited to its effect in reducing the 
capacity and increasing the facility of oil 
removal. The latter function is served by 
virtue of the fact that water occupies the 
smaller pores and tighter sections of the 
reservoir, leaving oil and gas in the more 
open interstices. The remaining pore 
space, averaging perhaps 1000 to 1200 
bbl per acre-ft in sandstone reservoirs, 
may be expected to contain at least 50 
per cent of its volume of oil. The gas con- 
tent of depleted gas-drive reservoirs is 
sufficient to provide a continuous path 
for injected gas, allowing it to permeate 
substantially all parts of the reservoir. 

The first requirement for any under- 
ground storage reservoir is favorable lo- 
cation in relation to production or con- 
sumption centers. The capacity must be 
large enough to meet maximum needs, 
but not so large that unreasonably low 
pressures will exist when withdrawal 
from storage is required. In order that 
injection pressures may not greatly ex- 
ceed withdrawal pressures, the permea- 
bility of the reservoir should be con- 
tinuous and high, say at least 1000 md. 
Additional requirements for storage 
projects in which oil production may be 
a consideration are (a) substantial dip 





7Presented at Oil Recovery Conference spon- 
sored by the Texas Petroleum Research Com- 
mittee at Austin, Texas, May 8-9, 1952. 

*Distinguished Professor, Petroleum Engi- 
neering Department, Texas A&M College. 
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to the strata, as already noted, and (b) 
wells penetrating the lower extremities 
of the reservoir, and not in contact with 
the upper portion. These wells will nor- 
mally be available in most reservoirs 
drilled in the usual manner. 

Fig. 1 shows a reservoir of the type 
described. The ange @ is the inclination 
to the horizontal of the strata, and the 
equation, developed by Muskat', shows 
the “free-fall” flow of oil down-structure 
due to the action of gravity alone. Before 
LPG injection is started the production 
is very small because K,, the effective 
permeability of the sand to oil, is near 
the vanishing point. When injection is 
started, LPG is absorbed from the gas 
phase into the oil, increasing its volume, 
and consequently increasing K,. By the 
same process, the viscosity, jo, is sub- 
stantially reduced, as are the forces of 
surface tension which tend to hold oil in 
the upper parts of the structure against 
the action of gravity. Two factors, the 
reduction of Ay, (the density difference 
between liquid and gas) and of ,, (the 
reservoir volume factor) act to reduce 
the downward movement of oil. A com- 
parison of the relative magnitudes of the 
changes in oil and gas properties, how- 
ever shows that there is a large net in- 
crease in the gravitational flow following 
LPG injection. 

By the application of K-values, the 
effect of the condensible gases ethane, 
propane, and normal butane in increas- 
ing the volume of the residual oil in the 
reservoir may be calculated. Iso-butane 
is not considered, since it would seldom 
be available in purity sufficient to war- 
rant separate calculation. Obviously, its 
effect as a constituent of normal butane 
would be to move the properties for the 
latter in the direction of the values for 
propane. Fig. 2 shows the mol per cent 
of each of the hydrocarbons in a 200 
molecular weight oil at 90 F, at pres- 
sures ranging from zero absolute to the 


P 539.2 
P 640.15 


vapor pressure of each hydrocarbon. 
The temperature of 90 F was selected as 
representing the average temperature in 
a reservoir of 1500-ft depth in the North 
Texas or Mid-Continent area. It is to be 
noted, that if a depleted reservoir is at 
atmospheric pressure when LPG injec- 
tion is started, the absolute pressures on 
the figure will represent gage pressures 
as measured in the reservoir, as far as 
liquid composition is concerned. 

Fig. 3 shows the composition of the 
liquid in the reservoir in terms of liquid 
volume per cent. If pressure build-up 
took place very rapidly as compared to 
gravitational flow, the expansion of the 
liquid phase would take place according 
to the relation 


VY. 1 


V., 1-X 
where V, and V, are the expanded and 
original volumes of the reservoir liquid 
phase, and X is the volume fraction of 
LPG in the liquid. As the pressure of! 
condensible hydrocarbon approaches its 
vapor pressure, only considerations of 
reservoir space would prevent the vol- 
ume ratio from becoming infinite. On 
the other hand, if gravitational flow 
were effective in maintaining substan- 
tially constant liquid saturation in the 
reservoir, the fractional recovery of oil, 
R, would be represented by a similar 
equation 


1 
" 1-X 
It is assumed, of course, that the liquid 
flowing by gravity to the lower portion of 
the reservoir is recovered by the produc- 
ing wells. In this idealized case, only 
considerations of excessive volumes of 
LPG circulated per barrel of recovered 
oil prevent the recovery from reaching 
100 per cent. 

Fig. 4 shows the viscosity of liquid 
ethane, propane, and normal butane at 
90 F, obtained by extrapolating data 
obtained at lower temperatures*. The 
viscosities are shown at the right ex- 
tremity of the lines. The lines themselves 
represent approximately* the viscosity 
of mixtures of these hydrocarbons with 
oil of a viscosity of two centipoises. The 
viscosity of any mixture with an oil of 
higher or lower viscosity may be deter- 
mined in a similar manner by drawing 
a straight line connecting its viscosity 
with the point representing the condensi- 
ble hydrocarbon. As the relation is 
logarithmic, the value for any mixture 
is substantially lower than would be ex- 



































TABLE 1. 

Ko AY a 
Ve yO 1 AY 21.29 yoBo 
Vo Komd. e p b** Bo e p b e p b 
1.0 0 2 2 2 1.0 803 . 803 .803 0 0 0 
1.1 20 1.33 1.57 1.60 -91 737 . 767 Bice 215 189.5 188.5 
1.2 30 -954 1.27 1.32 686 742 757 3 311 305 
1.3 45 .73 1.07 1,14 77 635 721 741 643 498 480 
1.4 75 .575 .927 991 71 608 700 725 1210 865 840 
1.5 125 475 .815 881 67 575 686 714 2150 1490 1440 
1.6 195 .391 .720 .791 -62 549 667 705 3650 2380 2320 
ee 380* .329 644 .719 -59 523 656 695 7580 4870 4620 
*Extrapolated. : 


**e, pandb refer respectively to ethane, propane, and n-butane. 
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Where FOLDING and FAULTING 


on difficult 


BAROID 


WELL LOGGING 
SERVICE 


Mud Analysis dnd Cuttings Analysis 
Combined in One Log, plus On-Location 
Core Analysis at No Additional Cost! 


In areas of disturbed stratification, as 
in California, where extensive folding and 
faulting sometimes make sub-surface cor- 
relations difficult or impossible, operators 
have found that Baroid Well Logging 
Service gives them accurate information 
just when they need it most — while the 
bit is digging! And because this down-hole 
information shows what the bit is drilling 
while it is drilling, the hole goes down faster 

. no pulling the string to take cores in 
barren formation. Only the cores that count 
need be taken. Faster, more efficient drill- 
ing, with assurance that every oil or gas 
show is detected; these are the reasons why 
more and more operators are using Baroid 
Well Logging Service. 
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MOLOY ®©LINERS 


IN YOUR OIL WELL 
PLUNGER PUMPS 


IN FIELD AFTER FIELD, THE STRENGTH AND DURABILITY OF MOLOY— 
(® LINERS HAS REDUCED PRODUCTION COSTS AS MUCH AS 50% 


gt 


C's: 12 Fe 


PUMPS 


DISTRIBUTED IN CANADA BY: Lucey Export (Canada) Ltd., 


UR COST OF 
ODUCTION 


PLY INSTALL 


acitic 
Mecision Biate- 


moLoy—(R) a ferrous alloy 
developed by Pacific primarily for 
oil well plunger pump liners has all 
the qualities for long economical 

life in your well. Strength, 
toughness, hardness combined, give 
Mo voy greater resistance to 
temperature, corrosion and abrasion 
than ordinary iron liners. 


moLtoy—(R) LINERS are precision 
controlled at every step from the 
electric furnace to the final heat 
treatment to insure perfect castings 
of uniform chemical and physical 
characteristics. 


mMoLoY—(R) LINERS are precision 
finished to extremely narrow 
tolerances. You receive the full 
benefit of this precision finish 
because the uniform structure and, 
above all, the stability of MoLoy ®) 
prevents the liners from warping 
after machining operations 

are completed. 





lacific Pumps inc. 





UNTINGTON PARK, CALIF. 


ID-CONTINENT DIVISION 

221 E. Ist St., Tulse, Oklahoma 

port Office: Chanin Bldg., New Yo.k 
Dffices in all Principal Cities 








1215 9th Ave., Calgary. 








To obtain more information on products advertised see page E-41 








pected on the basis of a simple law of 
mixtures. For example, the addition of 
equal volumes of 2-centipoises oil and 
liquid ethane gives a mixture with a vis- 
cosity of only .24 cp, while comparable 
mixtures containing propane and butane 
have values of .5 cp and .6 cp. 

Fig. 5 shows the fractional recovery 
from an idealized reservoir as a function 
of the number of barrels of LPG injected 
per barrel of oil present initially. It is 
assumed that the gravitational flow is 
rapid compared to the LPG injection 
rate, so that the expanded oil is pro- 
duced fast enough to prevent an increase 
in liquid saturation. The volume of LPG 
in the vapor phase in the reservoir is 
normally small compared to that in the 
liquid phase, and has not been included. 
If the pore space available for gas satur- 
ation is known, it should be taken into 
account, particularly at the higher pres- 
sures and for the lighter condensible hy- 
drocarbons. 

Fig. 5, as well as Figs. 2, 3, and 4, 
deals with equilibrium relations. Ac- 
tually, of course, we are concerned with 
the rate at which the oil may move down- 
structure and be available for produc- 
tion through the producing wells. This 
calculation may be made by substituting 
in the proper values in Muskat’s equa- 
tion shown in Fig. 1, which is 


K,AySin?6 
Lo Bo 


barrels per acre of gas-oil 
contact per day 

In the equation K,, Ay, po, and Bz, all 
vary as the LPG is injected and the pres- 
sure in the reservoir rises. The value of 
K, depends on the nature of the rock, 
and varies over considerable limits. For 
purposes of illustration, data obtained 
by Osoba and others‘, shown in Fig. 3 
of their paper and reproduced in Table 
1, will be used. These data are chosen 
because they cover the range of satur- 
ations involved in depleted solution gas- 
drive reservoirs, and because they apply 
specifically to drainage rates as required 
in this analysis. Values of Ay may be 
calculated from the law of mixtures for 
liquids and from handbook® values for 
condensible vapors. », may be taken 


Q = 21.29 * 


1 
from Fig. 4 for 2-centipoise oil, and —— 


from Fig. 3. 

Fig. 7 shows the value of 21.29 * mehy 
PoPo 
as a function of the fractional increase 
in volume of oil, caused by the absorp- 
tion and complete diffusion of ethane, 
propane and n-butane for a 1000 md 
rock. The values are tabulated in Table 
1. Fig. 8 shows the value of sin?@ as a 
function of 6. 

The gravitational flow for any Senpie 
of reservoir liquid expansion may be cal- 
culated by mutiplying the value’ of 
sin*@ from Fig. 8 by the appropriate 
value from Fig. 7. Thus, if the LPG em- 
ployed i is propane, the inclination of the 
strata is 20 deg, and the expansion,of the 
oil is 1.2, it may be calculatedthat the 
production, of stock-tank oil-from each 
acre of gas-oil. contact. area will be 36.4 
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barrels per day. It is seen that the pro- 
duction rises rapidly with both ag slope 


of the strata and with the ratio. Thus, 

for an inclination of 30 deg ar a value 

for—2 of 1.5, the production by gravity 
x 


flow may be calculated as 600 bbl 
per day, while for 45 deg and 1.5, 1100 
bbl per day would be produced. 

It should be made clear that the 


value of “* is not within the direct con- 
0 

trol of the operator of the injection pro- 

gram. The meaning of the above calcula- 

tions may be summarized by the state- 

ment that if LPG is injected steadily at 

the rate calculated to give the estimated 


‘ : x 
production, the required values of — are 


those plotted. It is seen that high and 
profitable rates of oil production are 
predicted for reservoirs of moderate 
slopes. 

It should be noted that the flow of oil- 
LPG mixtures into the producing wells 
is not limited by the local rate of gravi- 
tational flow. Thus, once oil has moved 
down-structure to the level of these 
wells, the full pressure in the reservoir 
is available to overcome the formation 
resistance around the wells. The general 
arrangement of injection and producing 
wells is shown in Fig. 6. 

Laboratory tests in which a reservoir 
was simulated by an oxygen-type cylin- 
der filled with sand and saturated with 
oil, indicate recoveries as high as 98 per 
cent may be obtained by merely con- 
necting up to a propane container and 
producing from an outlet in the bottom 
of the cylinder. Although comparable 
recoveries would not be predicted for 
actual reservoirs, it would not be unrea- 
sonable to expect substantially higher 
recovery than is obtainable by any other 
production method. 


Conclusions 


A quantitative treatment of the prob- 
lem of oil production in depleted oil 
oe by LPG injection indicates 
that: 

1. Substantial oil production should 
result from typical oils from reservoirs 
of 10 deg and higher slope. 

2. With higher slopes, the possible 
production increases sharply. 

3. Methods are outlined by which the 
production of oil from any reservoirs 
may be estimated from K-p curves on 
the rock, and viscosity and molecular 
weight data on the oil. 
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FIG. 400 


4000 p.s.i. Test 





Sizes: 2”, 22", 3”, 4”, 5%" O.D., 
oF Of, 3", 0" 





The Weco Fig. 400 is ideal for Weco Fig. 400 unions save time in 
pump suction connections. connecting up pump discharge lines. 








Fig. 400 Union on mud line. 
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@ Unions in service on drilling rig lines get a lot of rough treat- 
ment. These mud, steam, water, oil, gas and other lines are 
made up and broken out frequently . . . carry fluids at high 
pressure with lots of vibration. The WECO Fig. 400 Union 
withstands more abuse in these tough services than any other 
union. Thicker sub end walls resist distortion . . . provide 
greater strength with less weight. The famous Weco ball and 
cone seat assures a perfect seal, every time. 
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WIRE LINE 


PRESSURE CONTROL 







P. ©. BOX 1025, HOUSTON 1, TEXAS 






© Eilsomccce: ware 







PREVENTS BLOWOUTS 
DIRECTS FLUID FLOW 
SAVES DRILLING MUD 
ELIMINATES FIRE HAZARD 
SAVES FISHING JOBS 

@ KEEPS RIG FLOOR SAFE 


The Bowen Wire Line Pressure Control is standard 
for use with tools on wire line — swabbing — bailing 
— taking cores—running scrapers or surveying in- 
struments. 


rete oe ck lll: 4 BL B. 








This tool combines a Bowen Automatic Line Wiper 
with a Staged Pressure Extension and a Bowen 
Circulating Swivel. Precision manufactured it fur- 
nishes a means of using wire line tools effectively 
without blowout and fire hazards, assures proper 
mud circulation without tool damage; saves drilling 
mud — provides a means for directing fluid flow to 
selected outlets. 


Easy to install and operate —it is 
standard sizes. Write for literat 


BOWEN CO. OF TEXAS, INC. HOUSTON 1, TEXAS 





NEWS 


San Juan Basin Gets 
Largest. Well to Date 


Largest well to be brought in so far 
in the San Juan Basin is the Lowry and 
Associates No. 1 Doswell in Ria Arriba 
County, New Mexico. The well has been 
given an estimated daily potential of 
1650 bbl of oil. On test the new well 
flowed 697.15 bbl of 42 gravity crude 
in 10 hr through 34-in. choke. About 
57 miles southeast of Farmington, the 
well found pay in the Tocito formation 
at about 6700 ft. 

Another good producer has been 
brought in the same county. Mission 
Petroleum Company’s rank wildcat, 
which tested for 50 bbl a day. This well 
is about 36 miles east of the Lowry well. 

(San Juan Basin area was covered in 
the May issue of The Petroleum Engi- 
neer. ) 


Expands Mexican Activities 


Ralph K. Davies, president of Ameri- 
can Independent Oil Company of San 
Francisco, has announced the expansion 
of exploratory operations by his com- 
pany’s wholly owned subsidiary, Ameri- 
can Independent Oil Company of 
Mexico, S. A. de C. V. The Mexican 
Company, operating with two co-ven- 
turers as Mexican American Independ- 
ent Company, of CIMA, has spudded- 
in a wildcat well on a structure known 
as Minatitlan in the Isthmus of Tehuan- 
tepec region, state of Veracruz. Selection 
of the location, only about 9 miles south- 
west of the Rabon Grande field discov- 
ered by CIMA last year, was based on 
seismic work recently completed. 

In addition to exploratory drilling on 
Minatitlan, Davies stated, the develop- 
ment of Rabon Grande is proceeding 
rapidly. The field is currently produc- 
ing approximately 180,000 bbl per 
month. 


Building Land Drillsite 
Begins Off California Coast 


Monterey Oil Company has an- 
nounced that it plans to commence the 
construction of a filled land drillsite off- 
shore from the coast of Southern Cali- 
fornia, adjacent to the proposed exten- 
sion of the outer breakwater east of 
the City of Long Beach, and more than 
a mile and one-half seaward from shore. 
Monterey plans a thorough test of a 
State Tidelands Lease, according to 
E. E. Pyles, vice president of the com- 
pany. 

Approval has been secured from the 
Department of the Army, which exer- 
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Gulf Pacific 
Total Coast Coast 


641 162 
634 165 


627 168 
615 169 


Tool Company. 





Illinois 
Oklahoma Mountain New 
Kansas 


*As reported to the American Association of Oil Well Drilling Contractors by Hughes 


Rocky West Texas Arkansas 

Louisiana North 
Canada Mexico Texas Texas 
399 675 142 340 
411 672 145 333 


413 668 146 308 
423 656 150 325 








Richfield Opens Office for 
Rocky Mountain Division 


Richfield Oil Corporation has opened 
a Rocky Mountain Division office in 
Casper, Wyoming, from which it will 


conduct an oil exploration program in - 


the Rocky Mountain and Williston 
Basin area, Charles S. Jones, president, 
announced. 

Heading the new office as division 
geologist is John H. Wiese, assisted by 
Ben W. Ryan, Jr., geologist. Both have 
been members of the Richfield staff for 
several years in the Northern Division 
office at Bakersfield, California. 

The Casper office will supervise ex- 
ploratory work in Montana, Wyoming, 
North Dakota, South Dakota, Utah, Col- 
orado, and Nebraska. Rocky Mountain 
division operations will be comple- 
mentary and adjacent to Richfield’s ex- 
ploration program in western Canada, 
announced in February, Jones said. 


Rinehart Initiates Digest 


Rinehart Oil News Company of Dal- 
las has inaugurated a new monthly pub- 
lication, “Ira Rinehart’s Oil and Gas 
Digest,” a comprehensive summary of 
well completion information covering 
current discoveries, important exten- 
sions, and significant dry wildcats in 
Texas, Southeastern New Mexico, and 
South Louisiana. 


Canadian Atlantic to Test 
Edmonton Devonian Area 


Canadian Atlantic Oil Company, Ltd., 
has announced the location of Canadian 
Atlantic Yankee Princess Armena No. 5. 

Drilling contract has been let to Gus- 
tavson Drilling Company, Ltd., Edmon- 
ton, and a rig has been moved in for a 
test of the Devonian formation. 

Well will be situated in Lsd 10 of Sec- 
tion 3-48-22 West of the 4th. This is six 
miles southwest of the Armena field 
proper where the team now has produc- 
ing wells. 

The well is being drilled by Yankee 
Princess on a farmout from Canadian 
Atlantic. Canadian Atlantic has three 
other quarter sections located in this 
area. 


Shell Honors Employees 


Two hundred Shell Oil Company em- 
ployees from the Los Angeles, Califor- 
nia, exploration and production offices 
were guests of the company recently at 
the Biltmore Hotel. Occasion was the 
annual emblem dinner party for em- 
ployees with 10 or more years of service 
with Shell. One of the highlights of the 
evening was the presentation by S. F. 
Bowlby, vice president, of the tradi- 
tional Shell emblem to R. W. Bozeman, 
manager-automotive, commemorating his 
35 years of service. 


cises control over navigation on inland 
and coastal waters and objection has 
been withdrawn by the Justice Depart- 
ment, and by the Department of the 
Interior, the latter two being involved 
under the terms of the stipulation be- 
tween the Federal and State govern- 
ments, under which all California tide 
and submerged land operations are now 
being carried out. 


Attending the Fourth Annual Recovery Conference in Austin, Texas, re- 
cently are: John L. P. Campbell, division sales geologist, Lane-Wells Company, Hous- 
ton, Texas; William E. Stiles, vice president, Buffalo Oil Company, Dallas, Texas; Bert 
Metzger, division sales engineer, Lane-Wells, Dallas; Rufus Mardera, production super- 
intendent, Republic Natural Gas, Dallas. At right side of table is: Harvey V. Risien, 
petroleum engineer, and F. W. Freeborn, Jr., production superintendent of Crown Cen- 
tral Petroleum, Houston; Mrs. F. W. Freeborn; 1. W. Alcorn, division engineer, Pure Oil, 
Houston; Mrs. |. W. Alcorn; M. H. Kotzebue, president, Gasoline Construction, Houston, 
and Mrs. M. H. Kotzebue. 
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New: 


Geophysicists Meet in 
Caracas to Form Society 


Forty-three exploration geophysicists 
met in Caracas, Venezuela, to form the 
“Sociedad Venezolana Geofisica” (Vene- 
zuelan Geophysical Society) recently, 
it has been announced by the Society of 
Exploration Geophysicists, Tulsa, Okla- 
homa. The group voted unanimously to 
form the society along the same lines 
and for the same purpose as the SEG. 
Regular meetings will be held and con- 
sideration will be given to affiliation 
with SEG. 

W. C. Merritt, of Creole Petroleum 
Company, was named chairman of the 
constitution committee. Other members 


of the committee are Dr. Eduardo Rohl, 
Dr. A. Romero, C. F. Wachter, and 
R. R. McIlwaine; and the following 
SEG members in Caracas: J. E. Dorris, 
Seismograph Service Corporation of 
Delaware, H. Pearson, Shell Caribbean 
Petroleum Company, R. E. McMillen, 
Phillips Venezuelan Oil Company, and 
T. A. Kibby, Gulf Research and Devel- 
opment Company. 


Alabama Well Complete 

Owen Heath has completed the No. 1 
W. H. McKinney, in Franklin County, 
Alabama, for a shut-in gas well. The well 
flowed at the rate of 280,000 cu ft of 
dry gas per day through 2-in orifice on a 
test from open hole 374--82 ft. 
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There is a difference 
in needle valves... 
and 0-C-T makes 
the difference 


O-C-T Needle Valve bodies are 
single piece drop forged steel. The 
male thread is made as an inte- 
gral part of the valve which gives 
you @ more compact, stronger con- 
nection. This one-piece O-C-T 
Needle Valve design eliminates 
the use of nipples and minimizes 
the chances for leakage. Buy 
O0-C-T Needle Valves from your 
supply store. There is a differ- 
ence . . . and O-C-T makes the 
difference! 


Oil Center Tool @. 


P. O. Box 3091 


Houston, Texas 
Export Representatives: Sterling 
Areas — Le Grand, Sutcliff & Gell, 
Ltd., Rochester, Kent, England. Ad- 
dress Export Inquiries for All Other 
Countries to P. O. Box 3091, Hous- 
ton 1, Texas. 
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TU Offers Short Course 
On Casing Handling 


The University of Texas extension di- 
vision is offering a new sound-film short 
course, “Handling and Running Cas. 
ing,” for petroleum and allied industries, 

The University’s petroleum industry 
training department and the Texas Edu- 
cation Agency trade and industrial serv. 
ice undertook the course as an experi- 
ment in the use of specially made motion 
pictures in oil training work. 

An oil industry committee supplied 
professional advice. Co-operating or- 
ganizations included the American 
Petroleum Institute production division, 
American Association of Oilwell Drill- 
ing Contractors, and Oil Field Haulers 
Association. 

Individual firms also assisted in the 
film’s preparation. 


Century Organizes 
Canadian Company 


Century Geophysical Corporation, 
Tulsa, Oklahoma, has announced the 
| formation of Cen- 
tury Geophysical 
Corporation of Can- 
ada, a wholly-owned 
subsidiary, with 
James K. Ziegler as 
vice president in 
charge of the Cana- 
dian company. 

Officers and direc- 
tors of the new cor- 
poration are Opie 
Dimmick, presi- 
dent; Ben Rummer- 
field, executive vice president; Ziegler; 
John Carlson, secretary; Pete Bediz, 
assistant secretary, and J. B. Bender. 
treasurer. Dimmick, Rummerfield, Carl- 
son, and Bender comprise the board of 
directors. 

Ziegler, formerly manager in charge 
of Canadian operations for Century, is 
a graduate of the Colorado School of 
Mines. He spent four years as a party 
chief for Stanolind Oil and Gas Com- 
pany and was employed by several other 
major oil and geophysical companies 
prior to joining Century in 1948. 

Ziegler has had seven years’ expe- 
rience in Canadian geophysical opera- 
tions. Offices of the new corporation are 
233 Examiner Building, Calgary, Al- 
berta, Canada. 


James K. Ziegler 


Bishop Oil Forms New 
Canadian Subsidiary 


Bishop Oil Company intends to con- 
duct its operations in Canada through a 
Canadian subsidiary, William Wallace 
Mein, Jr., vice president, announced. 

The new corporation will be formed 
under the laws of Alberta Province and 
will be known as Canadian Bishop Oil, 
Ltd., Mein said. 

Bishop’s present leases in Canada 
total 5118 acres. Four wells were 
brought in on a 160-acre Crown lease in 
the Redwater oilfield of Alberta Prov- 
ince during 1950 and 1951. These are 
averaging total daily production of 360 
bbl of 35 gravity oil. 
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Some one said the other day, ‘Western's sure _ field. If you have need of ENGINEERED WELL 


stretchin’ out over the oil country!” " SERVICES, we'd certainly like to show you 


Well, that might be putting it a little strong, but Western's brand of outstanding results. 
we certainly get a kick out of serving more and 
more oil operators every month. 


TE WES CNT 7.) . 
Maybe this “growing” is another way of saying . 


Western is doing a swell job for the guys in the General Offices Midland, Te 


—AGIDIZING -¢ JET & BULLET PERFORATING © RADIOACTIVITY WELL LOGGING © BRIDGE PLUGS & PRODUCTION PACKER 
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What's Doing in Drilling 





Drilling Will Continue 
In Okotoks Field, Colorado 


Step-out exploratory and development 
drilling will continue with one rig at 
work in the Okotoks area of southern 
Alberta by Shell Oil Company, in an ef- 
fort to determine whether an oil column 
exists down structure in that sulfur- 
bearing wet gas field of southern Al- 
berta, company officials announced. 

The Okotoks field was discovered by 
Shell last year, and an additional suc- 
cessful well is being completed, and a 
third venture is drilling in the area. W. 
M. V. Ash, Shell Oil Company of Can- 
ada, Ltd’s. president and Paul L. Kart- 
zke, area manager at Calgary, stated that 
a sizable sulfur recovery plant for the 
Okotoks field may be in the offing. It was 
pointed out, however, that the search for 
an oil column would be continued, as it 
would not be feasible to produce gas to a 
great extent at the present time if oil 
exists in the structure, and that the gas 
reserve would have to be determined be- 
fore the justification of a sulfur recovery 
plant. 


Fordee Rhoads Completes 
Well as Dual Producer 


Fordee Rhoads Oil Company . and 
Aberdeen Petroleum Company No. 2 
Allen in Logan County, Oklahoma, has 
topped the Second Wilcox sand at 5085 
ft and cored 41 ft of saturated sand from 
5092 ft to 5133 ft total depth. On a drill- 
stem test of the First Wilcox gas showed 
in 1 min on test between 5005-20 ft and 
oil and mud in 11 min. It flowed to tanks 
96 bbl of 47.6 gravity oil in 9 hr. 

In the Second Wilcox it flowed 286 
bbl in a 15-hr period through various 
chokes from 5088-5133 ft. It will be com- 
pleted as a dual producer. 


Manitoba Well 


Standard Oil Company (California) 
has announced that Manitoba’s most 
promising oil well, in the Canadian por- 
tion of the Williston Basin, is producing 
60 to 70 bbl of oil daily. The well is the 
Daly 15-1, 8 miles west of Virden, and 
was completed about 2 months ago. 
Three other wells in the Virden area also 
producing, the Daly Province 2-12 
averaging 30 bbl daily and the Daly 
Province 7-12 and the Daly Province 
2-11 each about 26 bbl daily. 


Shell Well at 10,300 Ft 


Shell Oil Company has a new well in 
Beckham County. Oklahoma. It is the 
company’s No. 2 Fender “D”, which has 
been drilled to a total depth of 10,300 
ft. On drillstem test between 10,238-300 
ft, with 3%-in. bottom and 1%-in. top 
chokes and tool open 1 hr and 18 min, it 
flowed 18 bbl of 49.7 gravity oil during 
the last 15 min to the test. Gas oil ratio 
was 2370 to 1. Recovery was 780 ft of 
oil and 30 ft of oil and gas-cut mud. 
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Carter Well Flowing From 
Deep Zone in Mayfield Pool 


A new deep zone has been opened in 
the Mayfield pool of Beckham County, 
Oklahoma. Carter Oil Company has a 
new well, the No. 1 Atwood, drilled to a 
total depth of 13,274 ft in the Des 
Moines. Testing below liner set at 12,- 
768 ft to a total depth of 13,274 ft, the 
well flowed 785 bbl of fluid in 23 hr 
through 1l-in. choke. Gas volume was 
6,668,000 cu ft daily. 


Union Drills Two New 
California Field Wells 


Union Oil Company of California has 
reported two new wells in California. 
The first one is the company’s Palmer- 
Stendel 12 in Cat Canyon West field, 
California, which has been completed 
pumping at the rate of 155 bbl daily of 
16.8 gravity crude, from 6363 ft. Present 
production rate is 168 bbl of 16.6 degree 
gravity crude. 

Second well is the company’s Howard 
Park 46 in Rosecrans field. It was com- 
pleted pumping at the rate of 160 bbl 
daily of 36.6 gravity crude through a 
16/64-in. bean. It is pumping from 5042 
ft. Present production is 187 bbl daily 
of 36.6 gravity crude. 


Oklahoma Oil Field 
Given New Producing Zone 


Helmerich and Payne, Inc., has a new 
zone-discovery in the Gansel pool of 
Noble County, Oklahoma. The well is 
the company’s No. 1 Wagner, an east off- 
set to the Skinner sand pool-opener. The 
well swabbed 70 bbl of new oil in 12 hr 
after acidizing open hole with 1000 gal 
of 3507-14 ft. Casing is set at 3500 ft. 





Zephyr Company Drilling Rig. W. W. LaMance, tool-pusher, and Cecil C. Simp- 
son, driller, at Zephyr Drilling’s Breedlove No. 3 well in Martin County, West Texas, 
where they are drilling with a 1000-1200 hp 950 Bethlehem rig. 





B-A Gets Two Wells in 
Stephens County, Oklahoma 


Two wells in the Doyle area of Step- 
ens County, Oklahoma, were recenily 
completed by British-American Oil Co:m- 
pany. Harrell No. 1, was drilled to a 
total depth of 7146 ft and produced at a 
rate of 12 bbl per hour on a 18/64-in. 
choke. The well is situated on a 150-acre 
lease in a prolific field in which B-A has 
a three-quarter interest. Bessie Culber- 
son No. 1, in the same area, has been 
completed and Bessie Culberson No. 2 
is now being drilled. Oil sands in this 
area are unusually thick and recovery is 
high. 


Ross Bayou Field Gets 
Third Oil Producer 


H. L. Hunt Company and Gulf Re- 
fining Company: have completed the 
third producer in the Ross Bayou field 
in Concordia Parish, Louisiana. It is the 
No. 3 C. F. Farrar, which flowed 168 bbl 
of 43 gravity oil daily from perforations 
5608-14 ft in the Wilcox on 9/64-in. 
choke. Total depth of the well is 6000 ft 
with gas-oil ratio 300:1. 


New Reservoir Seen for 
Steamboat Butte Field 


British-American Oil Producing Com- 
pany has reported a new well in the 
Steamboat Butte field of Wyoming. The 
Tribal T-1 well is on the southwest flank 
of this field, and indicates a new reser- 
voir on the west side of Steamboat Butte, 
previously considered non-productive. 
Production is from the Sundance sand at 
7183 ft and a drillstem test from 7189 ft 
to 7241 ft recovered 1985 ft of 24 grav- 
ity oil in one hour, with no water. 






THE PETROLEUM ENGINEER, July, 1952 















Continuous laboratory testing insures Unaflo's uniform 
quality and dependable performance in the field. Cur- 
rent authoritative data is now issued twice a year. 





PE-U-127 


Now authoritative average test results for 
Thickening-Time and Compressive Strength of 
Unaflo will be distributed twice a year. This 
new test data is supplied to provide you regu- 
larly with dependable up-to-date Unaflo per- 
formance information. As before, information 
covering specific cases is yours for the asking. 

In addition to complete quality-control tests 
during the manufacture of Unaflo, samples are 
taken from shipments and thoroughly tested for 
performance characteristics by experienced tech- 
vicians. The average results of these tests are 






UNAFLO' test data now 


distributed twice a year 


now published every six months for customer 
use by Universal Atlas Cement Company’s Re- 
search Laboratories. All tests are made accord- 
ing to API Code 32, Second Edition, June 1950. 

For the first time, this helpful test information 
is being distributed as a service to you. Your 
inquiries for other information about our cements 
and their use are invited, and if you haven’t re- 
ceived a copy of this Unaflo test data, write any 
office listed below. Universal Atlas Cement Com- 
pany (United States Steel Corporation Subsidi- 
ary), 100 Park Ave., New York 17, N. Y. 


***UNAFLO” is the registered trade mark of the retarded oil-well cement manufactured by Universal Atlas Cement Company. 
Export Distributors: United States Steel Export Company, 30 Church Street, New York 8, N. Y. 


2020 Rand Tower Building, Minneapolis 2, Minn 
208 South LaSalle Street, Chicago 4, III. 
100 Park Avenue, New York 17, N.Y. 


Amicable Building, Waco, Texas 
2000 First Ave. North, Birmingham 3, Ala. 
R. A. Long Building, Kansas City 6, Mo. 








Universal Atlas Cement Company 





OIL-FIELD CEMENTS 


Unafio Retarded Oil-Well Cement 
Resistant to Sulfate Waters 


Atlas Portland Cement — Type ! 


Atlas Portland Cement — Type I! 


¥ RETARDED 
OIL-WELL 
CEMENT 








Resistant to Sulfate Waters 


Atlas High-Early Cement —Type III 


“THE THEATRE GUILD ON THE AIR’’—Sponsored by U.S. Steel Subsidiaries —Sunday Evenings—September to June 
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Drilling 


a 


L. L. Gardner, drilling and production 
foreman for Texaco, Paradis, Louisiana, 
for whom the barge was named, and Ed T. 
Malloy, president of Levingston Shipbuild- 
ing Company. (See above barge picture.) 


Texaco Finds New Area 
In Louisiana Field 


The Texas Company has a new zone 
discovery in the Sorrento field of Ascen- 
sion Parish, Louisiana. Situated on the 
southwest flank of the field, the well is 
the company’s No. 2 Sorrento Dome 
Land Corporation, previously operated 
at the No. 2 F. O. Roshko, perforated at 
8484-96 ft. On a 4-hr test of perforations, 
the well flowed at the rate of 2,750,000 
cu ft of gas plus 41.52 bbl of 54.9 gravity 
condensate. Flow is through a 13/64-in. 
choke with tubing pressure building up 
to 2750 Ib. 
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Drilling Barge Gardner. The Texas Company’s latest drilling 
barge, Gardner, completed recently, can drill 15,000 ft and 
below. It was designed and built under the supervision of the pro- 
ducing department of the Louisiana division of Texaco, J. H. Ram- 








Shallow Oil Zone Open 


A shallow sand zone has been opened 
in the Northwest Perry pool of Noble 
County, Oklahoma. Schermerhorn Oil 
has completed its new well the No. 2 
Vertz, which ran a 1-hr drillstem test in 
the Ragan sand at 1972-90 ft, to show 
gas and recover 360 ft of oil plus 90 ft of 
oil cut mud. Bottom hole pressure was 
740 lb in 15 min. Crews are drilling 
deeper. Regular producing zone of the 
field has been the 3400-ft Avant lime. 


New Wyoming Well Success 


Sinclair Oil and Gas Company, pro- 
ducing subsidiary of Sinclair Oil Cor- 
poration, has announced completion of 
a new well in Natrona County, Wyoming. 
The well is the company’s No. 5 East 
Salt Creek “A”, and has been completed 
for a flow of 444 bbl of 35.1 gravity oil in 
24 hr. Production is from the Lakota 
sand at 5940 to 5990 ft. This is the fifth 
producing well in the field. 


New California Well 


Shell Oil Company has completed its 
Taylor 363 in Ventura Avenue field, 
California. The well was drilled 11,550 
ft, with present production set at 1104 
bbl of crude oil daily through an 18/64- 
in. bean. 


Extends North Dakota Field 


Amerada Pétroleum Corporation has 
completed its Alvin Iverson No. 1 to ex- 
tend the Beaver Lodge Madison pool 114 
miles west. The well has not flowed at 
this report, making it the first North 
Dakota completion that has not. Amer- 













bin, Jr., division manager. The huge submersible barge was built 
by the Levingston Shipbuilding Company, and upon completion a 
joint barbecue was held with EMSCO, National Supply, and Tex- 
aco personnel in the Levingston Shipyards at Orange, Texas. 


ada reported that it swabbed 71 bbl of 
oil and 32 bbl of water from 8348 to 8428 
ft in 74% hr. A pump may be installed or 
other artificial lift. 


Continental Well Flows 
At Rate of 288 Bbi Daily 


Continental Oil Company has com- 
pleted a new well in the Sussex field, 
Johnson County, Wyoming. It is the 
Unit No. 94 which has been given an 
initial potential of 288 bbl of 32.5 grav- 
ity oil daily on a 3-in. choke. The well 
was completed at a total depth of 8972 
ft in the Tensleep sand, after plugging 
back from 9772 ft. Seven-inch casing 
was set at 8700 ft, with completion in 
open hole. 


Oklahoma Well Completed 


Mid-Continent Petroleum Corporation 
has completed a new well in Garvin 
County, Oklahoma. It is the company’s 
No. 1 Weatherford, which flowed 140 bbl 
of oil in 24 hr through a %-in. choke 
from the Oil Creek sand through per- 
forations between 8272-8330 ft. Total 
depth is 8323 ft. 


Phillips Well Drilling 
Below 16,000 Ft 


Phillips Petroleum Company’s No. 
1-A Washburn in McMullen County, 
Texas, is drilling below 16,050 ft in lime. 
No commercial production has been re- 
ported at yet. This is the deepest hole 
ever drilled in this county, which lies 
north of active Duval County. If the well 
is successful it will launch a new deep 
campaign in the region. 
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Again, O-C-T has set the pace in dependable pro- 
duction equipment. This new O-C-T Dual Flow Control 
replaces as many as 13 different fittings*, reduces 
weight as much as 85%, effects savings up to $700.00 
when used to eeplace a 10,000 Ib. test conventional 
double wing, provides a more flexible choice of chokes 

than any other dual assembly, the proven JE Flow Control float- 
ing gate design makes it operate easily even at extremely high 
pressures and the operator may switch the flow from one size 
choke te another without closing in the well. 

Ask your O-C-T Representative or write for details. The New 
O-C-T Dual Flow Control is now available through more than 
700 supply stores. 


Oil Center Tool GZ. 


P. O. Box 3091 Houston, Texas 


Export Representatives Sterling Areas Le Grand 
Sutcliff & Gell, Ltd, Rochester, Kent, England. Address 
Export Inquiries for Al! Other Countries to P. O. Box 
3091, Houston 1, Texas 


iT REPLACES 13 
DIFFERENT FITTINGS 


.. . Reduces cost as much as 300% 
.«. Reduces weight as much as 85% 
... Uses any type positive choke bean 


... Provides easy operation even at ex- 
tremely high pressures 











Maxie Field Discovery 
Completed by Ohio Oil 


Discovery well of the Maxie field of 
Forrest County, Mississippi, has been 
completed by Ohio Oil Company. The 
well is the company’s No. 1 Coleman- 
Powe, from the Eutaw sand zone. Com- 
pletion gage will be one of three tests 
run of Eutaw perforations 7303-20 ft. 
With drillstem test tool equipped with 
¥%-in. choke, the well flowed at the rate 
of 1,195,000 cu ft of gas and 16.07 bbl 
of 55.9 gravity condensate per day. Top 
pressure was 2800 lb. Gas-condensate 
ratio was 71,557 to 1. On a 14-in. choke 
the well flowed 4,242,000 cu ft of gas 
and 80.76 bbl of oil on a 12-hr test. 
Final test was run with 12/64-in. choke, 
with the well flowing at the rate of 
1,840,000 cu ft of gas plus 27 bbl of 
condensate per day. 


Indiana Pool Opener Seen 


Opener of a new oil area is indicated 
in Gibson County, Indiana, at Coy Oil 
Company’s No. 1 D. S. Huey, which is 
cleaning out and testing the Aux Vases 
limestone at 1852 to 1860 ft. ‘Total depth 
is 1965 ft. The well is swabbing at the 
rate of 6 bbl of oil an hour with a 
gradual increase, after having been 
acidized with 1000 gal. It is about 2 
miles from other wells. 


Amerada Wildcat Flows 
28 Bbi of Oil an Hour 


Amerada Petroleum Corporation has 
"a new wildcat flowing near Tioga, North 
Dakota. It is the No. 1 Reinert Skaar, 
five miles north of the nearest producer 
and eight miles north of Tioga. On a 
drillstem test at 8190-8220 the well pro- 
duced gas after 1 hr and 15 min and oil 
35 min later. During the first hour of 
flow there were 28 bbl of oil. Appar- 
ently the new well extends the Tioga 
oil pool on which 2 wells already are 
on commercial production, the Henry 
Bakken and the Ludvig Bakken. The 
Tioga pool is believed to be separate 
from the Beaver Lodge pool, where first 
commercial production was found in 


North Dakota. 


Sun Gets Gas, Oil Wells 
In Clare County, Michigan 


Sun Oil Company has completed two 
discovery wells, one gas and one oil, 
in Clare County, Michigan. The oil well 
is in the Richfield and the gas dis- 
covery in the Marshall. The oil producer, 
Sun’s No. 1 Iutzie et al, has been rated 
good for 100 bbl of oil a day after acid 
treatment at 5213 ft. The well was 
plugged back from 5380 ft, total depth. 

The gas discovery, Sun’s Unit No. 1 
Iutzi-Wood et al showed gas in the Mar- 
shall while testing was being made to 
the lower objective. Marshall zone was 
hit at 1469 ft. The well gaged 9,600,000 
cu ft of gas a day. 
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Exploration Activities 


Wyoming Discovery Flows 
572 Bbli Distillate Daily 


The No. 1 Stockham-Federal, Gulf Oil 
Corporation’s new oil well in Washakie 
County, Wyoming, has been completed. 
The well flowed 572 bbl of 45 gravity 
distillate and gas at the rate of 12,000,- 
000 cu ft daily during a 10-hr and 52- 
min test. Production is from open hole 
in Phosphoria between 12,905 and 13,- 
000 ft. Daily potential has been esti- 
mated at 1385 bbl of distillate. 


Confirmation Well Success 


J. Ray McDermott and Company has 
completed its confirmation test in Sheri- 
dan County, Wyoming. The well is the 
No. 1 Trusler, which swabbed 17 bbl 
of oil per hour from the Shannon. It is 
90 ft higher on structure than the dis- 
covery. McDermott’s wildcat in the Ash 
Creek area had opened commercial pro- 
duction in Sheridan County. 


Standard Opens Pool 
in North Texas 


Standard Oil of Texas has a new pool 
in Grayson County, North Texas. Opener 
is the company’s No. 1 Baker, which 
has been completed in the Ordovician at 
9374 ft. The well flowed 341 bbl of oil 
a day from this depth, with gas-oil ratio 
of 1126-to-1, through a 14-in. choke. 


Socony Gets Gas Flow 
In Saskatchewan Test 


Socony- Vacuum Exploration Com- 
pany has discovered heavy gravity crude 
oil at a wildcat in the Antelope Lake 
area of southwest Saskatchewan, around 
35 miles west of Swift Current. This 
venture is situated on lands that Socony 
acquired under farmout agreement from 
Western Prairie Exploration Company, 
Ltd., subsidiary of Woodley Petroleum. 

The new strike was made at Socony- 
Western Prairie-Midway No. 1, a site 
about 15 miles southwest of Fosterton 
medium gravity crude oil producers and 
about that same distance northeast of 
Tompkins area natural gas. Discovery 
came during drillstem test in the Juras- 
sic formation. Ninety-minute test from 
3445 to 3465 ft gave an estimated nat- 
ural gas flow rate of 80,000 cu ft daily 
- recovery of 1480 ft of 18 API crude 
oil. 

This Antelope Lake area discovery 
is Socony-Vacuum’s second oil discovery 
in Saskatchewan this year. 


Deep Louisiana Test Success 


Leslie Bowling has opened a new oil 
pool in Terrebonne Parish Louisiana 
with completion of his No. 1 La Terre. 
On an initial potential test a total of 62 
bbl of 56 gravity distillate plus 2,500,000 
cu ft of gas daily on a 11/64-in. choke 
through perforations at 10,692 to 10,710 
ft were recovered. The well was drilled 
to a total depth of 13,383 ft. 


Dott to Be Executive 
Director of AAPG 


Robert H. Dott of Norman, Oklahoma, 
has accepted the new position of execu- 
tive director of the American Associa- 
tion of Petroleum Geologists and wiil 
move to Tulsa to take charge of the 
Association’s headquarters office. Doit 
will direct all of the various activities of 
the association headquarters, but the 
preparation of new books and special 
volumes on problems and methods of 
petroleum geology will receive his par- 
ticular attention. He is a graduate of the 
University of Michigan, and director of 
the Oklahoma Geological Survey. 

John W. Clark, assistant chief geo- 
logist of Magnolia Petroleum Company, 
Dallas, Texas, has been appointed as 
secretary-treasurer of the Association to 
serve out the unexpired term of Dott. 
Clark, who has been with Magnolia for 
22 years, is a graduate of Princeton 
University and did his graduate work at 
the University of Chicago. He has been 
AAPG business manager since 1926. 


Kentucky Well Seen 


Indications have been found of a good 
O’Hara lime pool in western McLean 
County, western Kentucky at H. E. Lopp 
and Thurston Cook’s No. 1 T. A. Ellis. 
The well swabbed and flowed at an aver- 
age rate of 14 bbl an hour in initial tests 
at 2648-44 ft. Discovery is 7 miles south- 
west of Calhoun, and 2 miles east of the 
Pond River pool, eastern Hopkins Coun- 
ty. 


Kansas Test Indicates 
Good Oil Flow 


Good oil shows have been found at 
G-M-R Oil Company’s No. 1 Mills, rank 
wildcat in Sheridan County, on the west 
flank of the Central Kansas Uplift. The 
well flowed about 2200 ft of oil during a 
45-min drillstem test in 4014-34 ft in 
that section. Top of the Lansing lime 
section was logged at 3830 ft. The hole 
is being deepened to test the Arbuckle 
sand. 


Standard Opens Gas Field 
In Sacramento Valley 


Discovery of a new gas field in the 
Sacramento Valley, California, has been 
announced by Standard Oil Company 
of California following completion of 
its discovery well, Sims Community No. 
1, near Freeport on the east side of the 
Sacramento River. On a preliminary 
production test the discovery well flowed 
for several hours at a rate of 3,717,000 
cu ft per day through a 14-in. orifice. 

The well was drilled to a total depth 
of 7000 ft and then plugged back to test 
promising sands encountered at lesser 
depths during the drilling. Production 
as the well came in came from the inter- 
vals of 5873 ft to 5875 ft and from 5778 
to 5788 ft. 
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The never-ending 
search for oil has 
moved geophysical 
exploration activi- 
ties into more and 








more remote areas, 
causing hardship 
on both men and 
equipment with loss of time and higher operating costs. 


UNITED has developed complete, modern port- 
able camps.which move the base of operations into the 
field, resulting in greater efficiency and lower geophysi- 
cal prospecting costs. 


superior service. Furnished rished « 
ing basis, UNI TED services are 
throughout the world. 

(Below) general view of UNITED’s portable 
camp. All trailers are supplied with electricity, and the 
kitchen and service trailers have running hot and cold 
water. The sleeping trailers are at the left, the office at 
left foreground, the mess hall at right foreground with 
the kitchen and service trailers to its rear. The power 
and the water and butane trucks’ are at the right. 


UNITED 


Herbert Hoover Jr., Pres. 
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A double packed Stuffing 
Box for use. under most 
adverse pumping and 
flowing conditions (be- 
low). Be sure to order 
Type A-123-SBDP. 
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All Hercules Duplex Polished 
Rod Stuffing Boxes are Cone 
Packed for longest possible life 
and greatest economy. IIlustra- 
ted (left) is Regular Type. 
Write for Bulletin 120-SB. 


The Tee-Base Type Combina- 
tion Stuffing Box and Tee (di- 
rectly below) have been proven 
by years of service and savings 
to producers. Write for Bulle- 
tin 121-SBT. 


For greater savings, replace 
old style Upper Glands with 
the New Hercules Lubricating 
Upper Gland, as shown on Stuf- 
fing Boxes illustrated. 


SOLD AT ALL SUPPLY STORES 


Export Representative: 
OIL FIELD EQUIPMENT CO., INC. 
T. E. WARD, President 
30 Church St., New York 7, N. Y. 











Exploration 





Davidor Gets Bartlesville Sand Find 


A Bartlesville sand discovery in Logan County, Oklahoina, 
has been completed by Davidor and Davidor. New well is the 
No. 1 Harned, which hit oil at perforated interval at 5519-29 
ft. The hole was bottomed at 6148, but plugged back to per. 
forate and treat the Bartlesville sand to flow 240 bbl new oil 
in 24 hr through a 27/64-in. choke. Free oil was also recovered 
from the Cleveland sand which was tested at 4888 to 4930 ft. 
Nearest production is the Pleasant Valley pool, 214 miles 
southwest. 


Well May Open West Texas Field 

Floyd County, West Texas, may have a Pennsylvanian oil 
field at Standard Oil of Texas’ No. 1 Minnie Adams. The well 
showed for a producer on a drillstem test at 7598-622 ft in 
what is believed to be the Strawn formation. Gas showed in 


| %% min. No estimate on the amount of recovery has been made, 


Gulf Gets New Mexico Well 


Gulf Oil Corporation has a new Pennsylvanian sand oil 
discovery in Lea County, New Mexico. The wildcat is the 
company’s No. 1-AN, which flowed 166 bbl of 42.2 gravity oil 
in 2 hr and 12 min with no water. On a 2% hr drillstem test 
between 9589-644 ft, gas surfaced in 4 min, mud in 16, and 
oil in 18. The new discovery is 6 miles north of Pennsylvanian 
production in the Saunders field, and 6 miles south in the 
Hightower multipay area. 


Canadian Discovery Made 
A new oil discovery has been made a few miles northwest 


| of Edmonton, Canada, at Central Leduc Oil Company, Ltd., and 


Des Rio Producers’ St. Albertax No. 1. The well flowed 1140 
ft of clean 36-deg gravity oil from the basal quartz sand struc- 
ture of the lower Cretaceous in a test at 3801 to 38091, ft. 


| API Production Meet Stresses Standardization 


Five hundred oil men from the United States and Canada, 
and four foreign countries, met in Denver, Colorado, for the 


| annual mid-year standardization conference of the American 





Petroleum Institute’s Division of Production, June 9-13. 

The agenda included committee and subcommittee meetings 
on standardization, drilling and production practice, and train- 
ing—all under the general supervision of C. A. Young of Dallas, 
Texas, director of the API’s Production Division. 

John R. Suman of New York City, vice president of Standard 
Oil Company of New Jersey, chairman of the Central Com- 
mittee on Standardization directed and coordinated the impor- 
tant meetings dealing with standardization of the various 
categories of oilfield equipment; R. O. Garrett of Shreveport, 
Louisiana, Arkansas Fuel Oil Company, chairman of the 
Executive Committee on Drilling and Production Practice, 
conducted the policy session and analyzed the reports of its 


| standing district committees on drilling and production prac- 


tices throughout the country, and John A. Ritter of Dallas, 


| Texas, chairman of the Central Committee on Training, co- 
| ordinated the reports of the committees on the various phases 
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of vocational training and supervisory development. 











PERMIAN BASIN 
CONSTRUCTION CO., INC. 





GENERAL PIPE LINE 
CONSTRUCTION 





N. P. FIELD, President 





Phone No. 6-5131 P.O. Box 3049 


Odessa, Texas 
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the hole story... 


Only by direct analysis of cored samples can all 
productive characteristics of subsurface formations 
be accurately determined. 


Core analysis information is not merely an aid to 
well completion. It is the invaluable foundation of 
maximum recovery —a factual preface to the reser- 
voir’s productive history. 


Whether you’re diamond coring hundred-foot sections 
or taking side wall samples, you owe it to yourself 
and to the exploratory investment you’ve made to 
learn the entire story. Many are the times throughout 
the economic life of the reservoir that you will refer 
to, and be asked for, basic core analysis data. 


To meet every operating condition, there are ten 
different types of Core Lab core analysis services 
available. Call the Core Lab man nearest you. 


CORE LABORATORIES, INC. @ _ IN ALL ACTIVE AREAS 


Dallas, Houston, Corpus Christi, Midland, Abilene, Ft. Worth, San Antonio, Tyler, 

Wichita Falls, Lubbock, Oklahoma City, Great Bend, Shreveport, Lafayette, New 

Orleans, Natchez, Bakersfield, Denver, Sterling, Worland, Williston, Bismarck, 
El Dorado, Farmington, Lovington, Calgary, Edmonton, Venezuela 
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OIL WELL 
DRILLING CONTRACTORS 
FOR THE 
PERMIAN BASIN 
OF 
TEXAS and NEW MEXICO 





Po ae : wee ee . # 


BOX 1456 © PHONE 4-8005 ¢ MIDLAND, TEXAS 


Exploration 











Progress Reports Oil at 
Lovisiana Rank Wildcat 


A rank wildcat discovery has been made in Livingston Pari:)), 
Louisiana, by Progress Petroleum, Inc., and The Texas Cov. 
pany. The well is the Juban No. 1, which flowed 130 net barr~|s 
of 49.3 gravity oil on a 20-hr production test. Flow is from 
casing perforations at 8591 to 8597 ft, and on a 9/64-in. chok-. 
With each barrel of oil produced, 2000 cu ft of gas are bei:-¢ 
produced. Tubing pressure was 1400 lb. 

Progress officials report that this discovery is the first siz- 
nificant commercial oil production discovery for Livingston 
Parish. The well is 12 miles east of the nearest production, 
Louisiana State University field. 


Large Canadian Gas Well 


Federated Petroleum, Ltd., and United Oils have reported 
discovery of a large gas flow at their Nevis No. 14-2. The well 
obtained gas in 5 min at a depth of 5320-5330 ft, rated at 
18,400,000 cu ft daily. For one and one-fourth hours the 
well blew wild, but was brought under control, with the gas 
flow increasing to an estimated 20,000,000 to 30,000,000 cu ft 
daily. A trace of naphtha was recovered. 


Superior Well Opens Field 


Superior Oil Company has opened a new oil field in Cameron 
Parish, South Louisiana, with completion of its No. 1 Rocke- 
feller. The well, which opened the Deep Lake field, flowed 
94 bbl of condensate plus 7,838,000 cu ft of gas in 8 hr through 
22/64-in. choke. Gas-condensate ratio was 83,179 to one and 
gravity of condensate 47.4 deg. Tubing pressure was 3385 jb. 
Production perforations were placed opposite gas-condensate 
sand at 11,242-50 ft. 


New Kansas Pool Indicated 


A new pool is indicated in Rush County, Kansas, at Lindas 
Oil Company’s No. 1 Herkolotz. The company is testing the 
Arbuckle zone after the wildcat recovered 186 ft of oil and 
heavily oil-cut mud in a drillstem test of the Gorham sand at 
3602-14 ft. Nearest production is 3 miles to the northeast in the 
Madden field of southern Ellis County. ; 


Hydraulic Calculator for Rotary Rigs 


A “thinking friend” in the form of a slide rule has been de- 
signed by the Reed Roller Bit Company for determining various 
hydraulic factors for drilling rigs. It is a convenient little device 


and to the engineer and toolpusher it is a great saver in time. 
pencil, and paper. 

When certain details are known any of the following can be 
rapidly calculated: Duplex slush pump output, mud velocity, 
bit nozzle pressure drop, pressure drop in the circulating system, 
maximum depth permissible without overloading the motors, 
and many other data. 

The slide rule enables otherwise laborious calculations to be 
done almost instantly by the manipulation of the slide stick. 
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ROLLER KELLY BUSHINGS 


No drilling opera- 
tion is completely modern 
without a Baash-Ross Roller 
Kelly Bushing—pbecause this 
is the only Bushing that com- 
bines the friction-free sensitiv- 
ity of roller bearing operation 
with the engineering advan- 
tages of TWO large-diameter 
rollers bearing against each 
kelly face! 






These engineering features are important, too... 


In addition to the big advantage of having two rollers against 
each kelly face, these additional Baash-Ross features are also vitally 


important... 


> BRONZE BUSHINGS between rollers and 
pins prevent steel-to-steel contact, resist 
galling under high torque loads, assure free 
rotation and quick response to the most 
delicate bit feed! 


> REVERSIBLE PINS can easily be rotated to 
bring unworn back side of pins to front for 
additional service after front sides (where 
driving pressures are concentrated) become 
worn, Cuts maintenance costs toa minimum! 
> INDIVIDUAL GREASE DUCTS, centralized 
where they’re easy to reach, assure proper 
lubrication to each separate roller and pin! 
> SOLID ONE-PIECE COVER is unusually 
strong and rigid, yet easily removed when 
desired. Its streamlined surface has no pro- 
jections to catch in lines or clothing—a vital 
safety advantage! 


Baash-Ross 
Roller Keily 





Bushings 3 
are sold 
throuzhlead- eS et fi 
ing supply 
Stores! 


OKLAHOMA CITY 9 e HOUSTON 20 e ODESSA @ CASPER 
Export Offices: 11 W. 42nd St., New York 36 


>» ROLLER ASSEMBLIES can be quickly inter- 
changed to adapt a single body to various 
kelly sizes. For example, one Baash-Ross 
Bushing fits all square kellys from 3” to 6” 
by simply changing the roller assemblies. Or 
the same Hex Bushing fits all hex kellys 
from 342” to 7” by changing only the roller 
assemblies. Simple, quick—cuts bushing 
costs to the bone! 


Baash-Ross Roller Kelly Bushings are avail- 
able in sizes to fit all popular kellys... 2%" 
to 6” in square kellys, 3” to 7” in hex kellys. 


For complete details, see your nearest 
Baash-Ross representative—or write direct. 


Why TWO Rollers — 











for smooth feed... long kelly life... steady rotation! 


no more — no less 


1. Because at least two rollers 
against each face are necessary 
to give stability to the kelly as 
it rotates (preventing gyration 
and wobble)...and to give 


“ 7 ti 
One roller adequate “non-corrugating 


permits wobble! driving surface against each 


kelly face. 





2. But more than two limits the 
size of each roller .. . necessi- 
tates smaller bearing areas and 
pin diameters... multiplies 
service and maintenance prob- 


lems. 


Two rollers 
give stability! 


* 





BRRARE Ihe? 


A 6-way saving in Drilling Costs! 


Wherever Baash-Ross Roller Kelly 
Bushings are used, operators are enthusi- 
astic over the multiple savings these modern 
bushings make possible. By eliminating the 
erratic bit control and sudden ‘‘feed-offs’’ 
inherent in conventional kelly bushings, 
Baash-Ross Roller Kelly Bushings keep the 
bit digging at a uniform rate, assuring... 


1. More footage per bit! 
2. Faster drilling speeds! 


3. Longer kelly and drill string 
life! 


4. Longer rotary equipment life! 
5. Reduced risk of twist-offs! 


6. More accurate weight 
indication! 


FOR AUTOMATICALLY CENTERING 


the Kelly Bushing 
into the rotary table, 
a Baash-Ross Kelly 
Bushing Guide Skirt 
is available. Fits all 
Baash-Ross “‘2RC”’ 
Roller Kelly Bushings 
... Others on special 
order. Write for 
complete details! 












































































































































































Running Tour With Men in 


the Industry 








Bruce Scrafford 


> Bruce Scrafford, Texas petroleum geo- 
logist, has joined the Highland Oil Com- 
pany of Houston as vice president. He 
will also be assistant general manager 
of Herman and George R. Brown oil and 
gas division and he will serve as vice 
president of Esperado Mining Company 
and Frio Pipe Line Company. 

Since 1943 Scrafford has been a con- 
sulting geologist in Corpus Christi and 
San Antonio, Texas. From September 
1941, to January 1943, he was with the 
Richardson Petroleum Company as a 
geologist and exploration manager de- 
veloping production in the Agua Dulce 
field in Nueces County and the Seelig- 
son field in Jim Wells County. He is a 
graduate of Texas Christian University. 


» G. P. Crombie has been promoted to 
chief geologist, and R. P. Galbraith has 
been appointed chief land man of the 
Texaco Exploration Company. Before 
joining the staff of the Texaco Explora- 
tion Company in 1948, Crombie was 
with the Department of Mines and Re- 
sources (Geological Survey), Ottawa. 
He is a graduate of the University of 
Manitoba, and the University of 
Toronto. 

Galbraith received his BA degree and 
his law degree from the University of 
Alberta, and has also done post gradu- 
ate study at the University of Toronto. 


> Dr. Heinz A. Lowenstam, an outstand- 
ing invertebrate paleontologist and 
paleoecologist, has been appointed to 
the geological sciences faculty at the 
California Institute of Technology. 
Presently an associate professor of geo- 
logy at the University of Chicago, he 
plans to take up his duties as professor 
of paleoecology at Caltech next fall. He 
succeeds Dr. Charles W. Merriam, who 
has returned to the United States Geo- 
logical Survey. Lowenstam, 39, studied 
at Frankfort and Munich in his native 
Germany, came to this country for 
graduate work at the University of Chi- 
cago and was naturalized in 1943. 


> Louis H. Weltman has resigned his 
position as district geologist for Lion Oil 
Company in Corpus Christi, Texas. He 
has opened an office there as an inde- 
pendent petroleum geologist. 
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> T. H. Acres, of Sunray Oil Corpora- 
tion, Los Angeles, was elected chairman 
of the American Petroleum Institute’s 
Pacific Coast Production District at its 
25th anniversary spring meeting in the 
Biltmore Hotel, Los Angeles. 

Acres, who had been chairman for the 
current spring meeting, succeeds Paul 
M. Andrews, of Signal Oil and Gas Com- 
pany, Los Angeles, as the district chair- 
man. Other district officers are as fol- 
lows: 

J. T. Crooker, Standard Oil Com- 
pany of California, Taft, vice chairman, 
San Joaquin Valley area; Stafford Park, 
Fullerton Oil Company, Pasadena, vice 
chairman, Los Angeles Basin area; J. P. 
McCabe, Tide Water Associated Oil 
Company, Ventura, vice chairman, 
Coastal area, and John H. Van De- 
venter, Cerutti-Thompson Company, 
Avenal, vice chairman, Coalinga-Kettle- 
man area. C. T. Reichert, of National 
Supply Company, Torrance, was re- 
elected treasurer and Mrs. Elsie Edmis- 
ton, of the American Petroleum Insti- 
tute, Los Angeles, was re-elected 
secretary. 


> R. D. Townsend has been appointed 
assistant to the manager, Rocky Moun- 
tain operations, of the General Petro- 
leum Corporation in a series of produc- 
tion department changes announced by 
M. S. App, director of production and 
vice president. In his new post Town- 
send will act as general advisor to A. 
F. Barrett, manager. He was formerly 
manager of the land-contract bureau 
there. 

S. J. Tryon succeeds Townsend as 
manager, land-contract department. H. 
A. Blethen has been appointed office 
manager. The three men will be at the 
Casper, Wyoming, offices. 








M. D. Hughes 


>M. D. “Dud” Hughes, California 
petroleum engineer, has resigned his 
position with the Long Beach Harbor 
Board to engage professionally in con- 
sulting work, and will henceforth have 
his headquarters in the Ocean Center 
Building at Long Beach. 

Hughes is a graduate of University of 
Southern California. He was for a time 
on the staff of the California Oil Um- 
pire. He was later associated in con- 
sulting work with Martin Van Couver- 
ing, mostly with regard to the production 
limits of the Kettleman North Dome 
field. After that he was employed by 
Tide Water Associated. 


»S. P. Kent, formerly acting assistant 
manager of the Texas Petroleum Com- 
pany in Bogota, Colombia, has been 
transferred to Edmonton, Canada, where 
he is drilling and production superin- 
tendent of Texaco Exploration Com- 
pany. Kent has been with The Texas 
Company or its subsidiaries since 1934. 
Born in Havana, Cuba, he received a 
degree in petroleum engineering from 
Louisiana State University in 1934. 


Nomads in Charge of the Los Angeles Chapter of Nomads Whing Ding 
held at the Riviera Country Club July 11. Back row: |. B. (Babe) Doyle, Hydril Company; 
Bill Sargent, Sargent Engineering; Ray Humphreys, Axelson Manufacturing Company; 
Jerry Engstrand, Grant Oil Tools, and Vern Mitchell, Security Engineering Company. 
Front row: George Gutekunst, Gardner-Denver; Joe Schlarb, Chiksan; Bill Bettis, 
Johnston Testers, and Leo Cypher, Baash-Ross. Not shown are John Flanagan of Johns- 
ton Testers and G. R. Winder of Chiksan. 
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hr Latest News About New Tools, Techniques and Services KX 


LESS RIG TIME 


with new McCullough Electric Wire Line Tools 
































: JOBS SELECTED FROM RECENT McCULLOUGH FIELD REPORTS 
*RIG TIME McCULLOUGH TOOL JOB ACCOMPLISHED 
, 54 MINUTES Glass Jet Perforator 72 holes shot at 4000 feet (greatest depth) 
: ONE HOUR 10 MINUTES Magna-Tector Located stuck point at 4500 feet / 
; ONE HOUR 15 MINUTES Jet Bottom Hole Cutter Fragmentized junk at 1200 feet—two runs 
z ONE HOUR 45 MINUTES String Shot Backed-off tool joint at 6500 feet | 
4 ONE HOUR 55 MINUTES Jet Back-Off Tool Backed-off tool joint at 7000 feet : 
e TWO HOURS 20 MINUTES Type “B” Bridging Plug Set plug at 6400 feet 
y and running Feeler , 
THREE HOURS 45 MINUTES Glass Jet Perforator 126 holes shot at 3600 feet (greatest depth) 
FOUR HOURS 15 MINUTES Radiation Well Logger Logging from 5600 feet to surface 


(Gamma Ray) 

















FIVE HOURS Burrless Bullet Perforator 270 holes shot at 8200 feet (greatest depth) 
FIVE HOURS 10 MINUTES Jet Casing Cutter and running Feeler Casing cut at 13,000 feet ; 
FIVE HOURS 45 MINUTES Neutron Log Logging from 4600 feet to 1000 feet 
SIX HOURS 15 MINUTES Combination Glass Jet and 306 holes shot at 8000 feet 

Burrless Bullet Perforators (greatest depth) 
38 HOURS Glass Jet Perforator 3700 holes shot at 10,000 i 


feet (greatest depth) 





73 HOURS Burrless Bullet Perforator 7752 holes shot at 5000 feet 
(greatest depth) . 





*Includes setting-up at rig and tearing down equipment 


ACTUAL RIG TIME DEPENDS UPON WELL CONDITIONS. YOU CAN BE SURE McCULLOUGH WILL SAVE RIG TIME. 


The above jobs are not the fastest, nor are they average All McCullough electric wire line tools are electronically 
time.Well conditions vary to such an extent that the average controlled at the surface, both visibly and audibly. This per- 
rig time for any specific job or tool can not be determined mits the tools to be run faster and to be positioned accu- 
accurately. Yet, many of these jobs were accomplished under rately. Thoroughly experienced servicemen, with years of 
severe conditions, and completed successfully in a few min- practical oil field experience, assure you reliable, consistent 
utes or hours. results—in less time. 


CALL YOUR McCULLOUGH SERVICE ENGINEER TODAY 











PERFORATING, TESTING AND FISHING SERVICE ANYWHERE — ANYTIME! 


ng NM cCU LLOUGH TOOL COMPANY SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco, 
ny; 5820 South Alomedea Street, Los Angeles 58, California Corpus Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichita Falls, 


ny; 4 Luling, Beaumont, Sherman, Hadacol. OKLAHOMA: Oklahoma City, Guy- 
ny. 05 McCarty Street (P. O. Box 2575) @ Houston, Texas mon, Healdton, MISSISSIPPI: Laurel. NEW MEXICO: Hobbs. KANSAS: 


tis, EXPORT OFFICE: Los Angeles, California Great Bend. WYOMING: Casper. CALIFORNIA: Los Angeles, Avenal, 
CANADA: Edmonton, Calgary, Grande Prairie, Alb.; Regina, Saskatchewan Bakersfield, Ventura. LOUISIANA: Houma, Lake Charles, New Iberia, Shreve- 
VENEZUELA: United Oilwell Service Co.,S.A.;Caracas, Anaco, Maracaibo port. COLORADO: Sterling. NORTH DAKOTA: Williston. UTAH: Vernal. 
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Running Tour 


>R. M. Knoepfel, Atlantic Refining 
Company, Roswell, New Mexico, has 
been named president of the National 
Oil Scouts and Landsmen’s Association. 
He succeeds Lea C. Stedman of Tyler, 
Texas. 

Other officers include: J. E. Austin, 
Oklahoma Natural Gas Company, Ok- 
lahoma City, first vice president; J. S. 
Lock, Phillips Petroleum, Midland, 
Texas, second vice president; J. G. 
Boelm, Shell Oil, Amarillo, Texas, third 
vice president; and H. L. Blazer, Coop- 
erative Refining Association, Wichita, 
Kansas, secretary-treasurer. 

Paul Maden of Tyler and T. G. Price, 
Ardmore, Oklahoma, were given honor- 
ary memberships at the convention in 
Albuquerque, New Mexico. Fort Worth, 
Texas, was voted as site of the 1953 
meeting. : 





> Bowman Thomas, who has occupied 
the position of assistant manager of the 
production department, Humble Oil and 
Refining Company, will spend a year on 
loan in the offices of Standard Oil Com- 
pany (New Jersey). 

J. H. Galloway, assistant division 
superintendent of the West Texas divi- 
sion, will fill the Houston office. assign- 
ment of assistant manager of the pro- 
duction department in charge of unitiza- 
tion and proration problems. 

J. S. Boldrick, assistant division 
superintendent of the Louisiana division. 
will come to the Houston office as assist- 
ant manager of the production depart- 
ment in charge of engineering and 
technical services. 

R. J. Schilthuis, assistant superin- 
tendent of the gas. division, will be 
assistant manager of the production de- 
partment in charge of operations. R. R. 
McCarty, who has completed a one-year 
training assignment in this capacity, will 
return to his regular position as assist- 
ant division superintendent of the South- 
west Texas division. 

During the first six months of the 
training assignment of Galloway, N. N. 
Jones, district superintendent of the 
Means District, will become assistant 
superintendent of the West Texas divi- 
sion. Ed E. Byrd, assistant superintend- 
ent of the Winters district, will become 
district superintendent of the Means dis- 
trict for a six-month period. 

During the training assignment of 
Boldrick, Douglas Ragland, chief petro- 
leum engineer, will become assistant di- 
vision superintendent of the Louisiana 
division; T. J. Fuson, engineer-in- 
charge of the petroleum engineering di- 
vision, will become chief petroleum en- 
gineer; J. C. Posgate, division petro- 
leum engineer of the Louisiana division, 
will become engineer-in-charge of the 
petroleum engineering division; and 
W. T. Ilfrey, assistant division petro- 
leum engineer of the Louisiana division, 
will become division petroleum engineer 
of the Louisiana division. 

W. J. Barrett, who has been filling the 
position of assistant division superin- 
tendent of the Southwest Texas division 
during the training assignment of Mc- 
Carty, will return to his regular position 
as district superintendent of the Gov- 
ernment Wells district. 
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Houston Nomads’ Guests. Dr. Manuel Mier, Empresa Colombiana de Petroleos, 
Bogota, Colombia, S$. A.; Augus Agustine Artigas, Perforadora Latina S. A., Mexico 
City; G. W. Van Hillo, Shell Oil Company, Maracaibo, Venezuela; Jesus Munoz, 
PEMEX, Mexico City; E. P. Bresenham, Socony-Vacuum Oil Company, New York City. 


s 


>» Henry C. Mugler has been transferred 
from ‘Magnolia Petroleum Company’s 
land offices at San Antonio to’ Lake 
Charles, Louisiana. He is district land 
man for the Lake Charles District and 
succeeded the late L. U. Kincannon. 

G. Curtis Mayes, formerly mechanical 
engineer at Magnolia’s Field Research 
Laboratories in Dallas. has been trans- 
ferred to the petroleum engineering de- 
partment as a senior petroleum engineer 
in Dallas. He has been assigned to the 
mechanical equipment section of the 
petroleum engineering department. 

G. W. Walker, Magnolia petroleum 
engineer at Falfurrias, has been trans- 


‘ferred to the Lake Charles producing 


district as a petroleum engineer. 

James W. Tucker, Jr., formerly 
petroleum engineer in the Lake Charles 
district, has been moved to the Falfur- 
rias district as a petroleum engineer. 

M. H. Beaver, petroleum engineer in 
the Luling producing district, has been 
transferred to the Falfurrias district, for 
Magnolia. 

William J. Mannas has been moved 
from West Texas drilling tools to Ker- 
mit, Texas, as a petroleum engineer. 

J. Frank Wright has been transferred 
from the West Texas drilling tools to 
Morgan City, Louisiana, as a petroleum 
engineer. 


» Joe A. Hale has been promoted to 
assistant to division manager, South 
Texas division of The Texas Company’s 
producing department. Since last Sep- 
tember he has been fand man on the 
general manager’s staff. Howard Kiatta, 
assistant division land and leaseman. 
South Texas division, has been named 
land man to take over Hale’s duties, it 
was announced by E. R. Filley, general 
manager, producing department. 

Hale studied in the commerce school 
of Washington University, St. Louis, 
Missouri, joining Texaco in 1927. In 
1944, he became assistant to division 
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manager — industrial relations. On 
September 16, he was appointed land 
man of the general manager’s staff. 
Kiatta was employed by The Texas Com- 
pany at Houston in 1918 as a clerk. 
After serving as lease-title man and 
leaseman, he was promoted to assistant 
division land and leaseman in 1949. 


> Harry H. Carrick of General Petro- 
leum Corporation’s production depart- 
ment, has been transferred from Taft 
(California) as assistant to superintend- 
ent, southern division. He reports to E. 
V. Watts, superintendent, with offices at 
Vernon. 

John J. Browne replaces Carrick at 
Taft as assistant to superintendent, San 
Joaquin division, and reports to D. 6. 
Kingman, superintendent. Browne ad- 
vances from his former position as pro- 
duction engineer in Wilmington. 

Both men have had similar careers 
with General Petroleum. Classmates at 
the California Institute of Technology. 
they came with General Petroleum, 
shortly after their graduation in 1939, as 
roustabouts. 


> E. E. “Gene”? Conant has been named 
assistant to the general manager, and 
F. V. “Vic”? Hendrickson, seismic super- 
visor, Geophysical Prospecting Com- 
pany Canada, Ltd. Conant graduated 
from Cal-Tex in 1937, joining Geophysi- 
cal Engineering Corporation for 4 years. 
During the last 1014 years he has been 
with United Geophysical. Hendrickson 
began his geophysical career in 1923. He 
was with United Geophysical during 
1947 and 48 and party chief for Geo- 
physical Associates of Canada, Ltd., 
since 1950. 


> J. K. Adams is now in Houston as divi- 
sion manager for Midstates Oil Corpora- 
tion. He was a longtime landman for the 
late Mills Bennett and recently con- 
nected with Texas Eastern Production 
Company as land department manager. 
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P 701. 
EXCLUSIVE 


Dr. A. Wachter, Shell Chemical 
(left), discussing papers before 
refining session 


ARCH L. FOSTER 


Recent Process Advances Outstanding 


Cat cracking, aromatics recovery, corrosion, motor 


fuels occupy attention of refiners at API mid-year meet 


P ropuction and recovery of aromatic 
hydrocarbons from non-aromatic petro- 
leum raw materials occupied two entire 
sessions, a whole day, at the 17th mid- 
year meeting of the API Division of Re- 
fining, held in San Francisco, May. 12- 
15. Overshadowed by the critical threat 
of the refinery employees’ strike in effect 
with minor exceptions throughout the 
country except on the Pacific Coast, the 
meeting still drew more than 800 in at- 
tendance at its 11 sessions and number- 
less committee meetings. Aromatics pro- 
duction was only one of the absorbing 
phases of the industry to hold the re- 
finers’ attentions; two full sessions on 
analytical research problems heard 14 
major papers on about every phase of a 
field that is growing in the number of 
researchers giving attention to analytical 
methods investigations. Close and _in- 





K. V. King, S$. O. Cal, P. S. Magruder, Gen- 
at the micr@phone. eral Petroleum Com- 
pany, Los Angeles, pre- 
siding at session on 

aromatics. 
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creasing attention was given to what 
may be considered “auxiliary” but most 
important operational problems, and 
two sessions were devoted entirely- to 
electrical equipment considerations, in- 
cluding power-system performance, in- 
sulation, safety, and similar matters. 
Corrosion of all types of refinery 
equipment and methods for combatting 
corrosion thereon came in for detailed 
attention. Corrosion of tank roofs and 
metals and coatings to minimize this ac- 
tion were shown. Storage tank corrosion 
especially in the salt-laden, sub-tropical 
Gulf Coastal air, eorrosion by sulfuric 
acid and by organic sulfur compounds, 
and safety considerations in the war on 
corrosion were all covered by authorities 
in the several fields. And not least of the 
problems paraded for review was the 
subject of employee-employer relations. 


J. H. Urian, Sun Oil George E. Liedholm, 


Shell Development Com- 
pany, Emeryville, Cali- 
fornia, at session on re- 

covery of aromatics, 


Company, at the 
microphone, 





and methods and means for improving 
these conditions in this era of greatly 
awakened employee relations conscious 
ness. 

Altogether the meeting may be con 
sidered the most comprehensive and 
far-reaching yet held, in its attention to 
practical detail and to adequate cover- 
age of the multitudinous problems that 
beset the refiners in this troublous 
period. 


Thermofor Catalytic Reforming 

A total catalytic reforming capacity 
of some 50,000 bbl of charge per day, in 
four separate units, has been announced 
as result of the facts and data brought 
out by large-scale pilot plant study of 
the process and its unique catalyst, V. 
O. Bowles and collaborators of Socony 
Vacuum Oil Company reported to the 





. I. Harper, Sun Oil Davis Read, Universa! 


Company, at micro- 
phone, 


Qil Products Company 








API Refining 


r 


Gilbert Way, Ethyl Corpora- 


refiners. For the same octane number. 
gasoline yield is increased by about 4 
per cent by using TCR, as compared to 
a thermal reformer. This boosted yield 
is obtained at the expense of volumetric 
loss, gas, and heavy fuel oil, improving 
the economic position by converting, in 
effect, these undesirable byproducts to 
motor fuel components, Bowles pointed 
out. Fuel requirements for thermal re- 
forming are 50 per cent higher, power 
needed is 40 per cent higher than for 
catalytic reforming. Engineering of com- 
mercial units has been progressing 
rather hand-in-hand with pilot plant 
work in its latter stages and these de- 
signs are now completed. Earnings per 
calendar day for TCR over thermal re- 
forming-catalytic polymerization in a 
30,000-bbl per day refinery shows $2059, 
and a payout in 1.4 years on incremental 
investment of $1,040,000, records in- 
dicate. 


Fluid Hydroforming 


With a molybdena-on-alumina cata- 
lyst with attributes similar to fluid cata- 
lytic cracking catalysts the Destrehan 
fluid hydroformer will produce 101 vol- 
ume per cent of 85 F-1 clear octane 
rating motor fuel, J. W. Bertetti and co- 
authors of Pan-Am Southern Corpora- 
tion announced. Operating costs esti- 
mated for 2000 bbl per day charge are 
25 cents per barrel of feed; for 2750 bbl 
per day charge rate the cost is 22 cents 
per bbl of charge. At the lower charge 
rate 87.2 per cent of motor gasoline with 
F-1 clear octane rating of 95 can be pro- 
duced; to make aviation fuel fraction 
with F-3 blending octane number of 97. 
F-4 index number of 165 with TEL, the 
‘yield is 74 volume per cent. This unit 
will operate on naphtha and hydrogen- 
rich recycle gas at 930 F and 250 psig. 
regenerating catalyst at 1100 F and 260 
psig. The reactor is 7 ft diameter by 70 
ft long, the regenerator 3 ft by 30 ft. 

Cost of electrolytic regeneration of 
spent caustic solutions is reduced from 
$15.90 per 1000 bbl of gasoline, by 
steam regenerative processes to $1.87 for 
the electrical system developed by 
American Development Corporation. C. 
W. Rippie reports that corrosion is re- 
duced due to absence of sodium sulfide, 
while mercaptan vapor disposal is 
eliminated as liquid disulfides are 
formed when the impurities are oxidized, 
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T. B. Rendel, Shell Oil 
tion, one of the “Desert Rats." Company, presiding, Au- 
tomotive Fuels Session. 


Col. A. R. Delcampo, Jr., 
Chief, Research and Mate- 
rials Branch Office of Chief 
of Ordnance, Dept. of Army. 


Proper safety methods must be used 
when using the high voltages in the re- 
generator. Twenty-four-inch cells use up 
to 45 kw, the 36-in. cells up to 90 kw, 
with 1700-3400 bbl per day, respectively, 
as throughputs. 

Payout times of two years, “before 
taxes” are practicable for a combination 
Platforming-Udex extraction, on invest- 
ments totalling $6,745,000 and $6,045.- 
000 for two different methods of opera- 
tion, reported Davis Read of Universal 
Oil Products. The aromatics so produced 
are satisfactory for chemical intermedi- 
ates. Cost of a Udex unit operation is 
about 41 cents per barrel of charge, on 
a 3250-bbl per day charge to produce 
about 1500 bbl per day of aromatics, or 
cost of 2.2 cents per gallon of the aro- 
matic product, Davis showed. 

Total aromatics in a depentanized 
charge stock to the extent of 95-99 per 
cent may be recovered by means of the 
extractive distillation process developed 
and used for the last 12 years by Shell 
Development and Shell Oil Companies, 
reported C. L. Dunn and G. E. Liedholm 
of the Development Company. During 
the last war 15 toluene extraction plants 
were operated to supply the major por- 
tion of this intermediate for the high 
explosive TNT (trinitrotoluene). Three 
processes are in use now, which will be 
used to add the 133,000,000 gal annual 
benzene capacity to our fast-mounting 
production, which for 1951 is estimated 
at 250,000,000 gal. These processes are: 

1. Liquid-liquid extraction, using di- 
ethylene glycol-water mixture (Udex) ; 

2. Silica gel adsorption (Arosorb) 

3. Extractive distillation (Shell) 

As of the present, one extractive dis- 
tillation plant is operating to recover 
toluene and xylenes only, Shell unit at 
Wood River; five are recovering ben- 
zene, at Continental, Ponca City; Shell 
at Wilmington (California); Pan 
American at Texas City; Standard Oil 
at Whiting; Pure Oil Company, Toledo; 
and under construction are three other 
units, at Shell Oil, Houston; Atlas Oil 
Processing Company, Shreveport, and 
Standard Oil at El Segundo, California. 

The Shell process uses Phenol as the 
extractive medium. Normally, raw 


charge is fed to one or two columns 
from which a concentrate containing one 
aromatic, as benzene, toluene, etc., is 
taken, sent to a 60-70-tray fractionator- 









E, L. Camp, Humble Oil and A. E. Cleveland, Ford Motor 
Refining Company. 


Company, discussed octane 
number requirements. 





extractor into which at a higher level the 
phenol solvent, hydrocarbon-free. is 
added. The aromatic-solvent mixture is 
withdrawn from the tower bpttom, and 
the two are separated in a 30-tray col- 
umn, essentially aromatic-free hydro- 
carbon being taken overhead from the 
main extraction column. Reaction prod- 
ucts of phenol with diolefins and with 
iron, FE, are formed in very small 
amounts, and are removed from the re- 
covered solvent by a single small still. 
These reaction products amount to less 
than one barrel per week in a plant that 
recovers 1000 bbl per day of aromatics 
from a dehydrogenation product. Mixed 
cresylic acids may be used where ben- 
zene, toluene or xylenes are to be re- 
covered in turn, though cresylic acids 
are not so selective as phenol. To purify 
a raw product for nitration-grade ben- 
zene for example, may call for mild 
treatments with caustic soda, maleic 
anhydride, and/or sulfuric acid-caustic- 
water to remove small amounts of im- 
purities incompatible with the very rigid 
specifications. 

Three steps are necessary in re- 
covering aromatics for chemical manu- 
facture by the Platformer-Udex extrac- 
tion system, Davis Read of Universal Oil 
Products Company told the refiners. 
These are: 1. Concentration of the 
naphthenes in the raw feed to the Plat- 
former unit; 2. Conversion of the hydro- 
carbons to aromatics by catalytic re- 
forming; and 3. Purification of aro- 
matics produced. In pilot plant opera- 
tion a 120-425 F boiling range naphtha 
containing about 51 per cent paraffins, 
35 per cent naphthenes and 14 per cent 
aromatics, two fractions, boiling 150- 
270 F and 150-400 F respectively, were 
processed to yield 91.8 per cent and 90.7 
per cent of reactor charge, respectively, 
which showed 48.8 per cent and 55.6 per 
cent aromatics, 85.5 and 90.0 Research 
octane number clear, and 96.0 and 97.5 
octane number with 3 cc. of TEL re- 
spectively. A glycol-water mixture is em- 
ployed, using carbon steel equipment 
due to absence of appreciable corrosion 
effects. Four Udex units (process de- 
veloped by Dow Chemical) have been 
licensed of which one, at Eastern States 
Petroleum Company at Houston, is in 
operation. 

Regarding the economics of the com- 
bined operation, for a unit of 10,000 bb! 
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per day capacity, the payout times are 
2.03 and 2.06 years “before income tax 
and amortization”. This depends on 
which of two schemes are employed, a 
blocked-out aromatics-motor fuel opera- 
tion, or a combined-aromatics-motor fuel 
operation. The unit costs for these two 
plans are $6,745,000, and $6,045,000 re- 
spectively. For 10,000-bbl per day op- 
erations the cost for prefractionation is 
4.9 cents per bbl of charge; for the 
Platforming operation, 27.4 cents per 
bbl, and for Udex concentration 41.2 
cents, a total of 73.5 cents per bbl or 
1.75 cents per gallon of product (aro- 
matics). 


Silica Gel and Aromatics 


Utilizing silica gel as an adsorbent 
medium the Arosorb process concen- 
trates aromatics from fractions ranging 
in boiling point from 150 to 700 F, by 
the Sun Oil Company’s new method. 
This process grew out of the use of 
silica gel as a means for the analysis of 
different mixtures of hydrocarbons, say 
W. H. Davis, J. I. Harper, and E. R. 
Weatherly of that company. The process 
is flexible; its principles are two, ad- 
sorption selectively of the aromatic on 
silica gel to separate it from non-aro- 
matic stocks, followed by its displace- 
ment from the gel by a displacing agent 
such as toluene or xylene, when recover- 
ing benzene, for example. This step is 
followed by a separation step for re- 
covering the desired aromatic from the 
mixture, normally by a careful distilla- 
tion. 

Investment for plants for this process 
range from about $750,000 for a 500 
bbl throughput unit to $2,250,000 for a 
5000 bbl per day plant, with operating 
costs ranging from one to three cents 
per charge gallon. The gel is made by 
Davison Chemical Company, granular 
and ranging from 28 to 200-mesh par- 
ticles. Gel beds are in “cases” of 3 ft to 
10 ft diameter and heights of 15 to 25 
ft. The various steps in the cycle follow 
in sequence, passing the dehydrated 
liquid through for a given period of, say. 
30 min, after which the feed is switched 
to another parallel case and the satur- 
ated-with-aromatics first case is swept by 
the desorbent stream for about 70 min 
in the case of light stocks. Case effluent 
is split three ways; saturate effluent, 
which contains some desorbent goes to a 
tower to send saturate stripped material 
overhead and recover as bottoms the de- 
sorbent which is recycled. If the desorb- 
ent is higher boiling than the saturate 
material the take-off from the tower is 
reversed, as in the case of high-boiling 
stocks. 

The second portion may be recycled to 
charge if high purity product is wanted. 
The third fraction contains the recovered 
aromatics and desorbent, which are 
separated via fractionation to obtain the 
concentrated aromatic stream and the 
desorbent for recycle. 


Treating kerosine and heavier stocks, 
the charge may be “cut”, that is, may 
ave its viscosity reduced by addition of 
pentane, boiling well below the charge 
range, and a mixture of pentane and 
toluene may be used as desorbent. The 


diluted charge may be fed to an indi- 
vidual case for 80 min, followed by a 
70-min run of desorbent mixture to dis- 
lodge the aromatics fraction on the gel. 
By treating these two general types of 
charge stocks in turn the refiner can 
make benzene, toluene, other light aro- 
matics, a high-boiling aromatics frac- 
tion (from kerosine or gas oil), and a 
non-aromatic diesel fuel of higher cetane 
rating, from the high-boiling charge, 
and highly paraffinic, saturate solvent 
fractions from the light naphthas. 
Catalytic gasolines may be extracted 
for aromatics to obtain a fraction show- 
ing 195 F-4 performance number (avia- 
tion fuel blending agent) with 4.6 cc 
TEL, or as a superior medium-drying 
aromatic solvent with a 90 Kauri butanol 
number. The saturated raffinate shows 
74 F-1 octane rating with 1 cc of TEL. 


Operating costs are: 


For catalytic reformate: 
Capacity ...500 B/D 2500 B/D 5000 B/D 
8 


¢/gal —......... 2.85 1.12 0.8 
For kerosine: 

Capacity ...820 B/D 4100 B/D 8200 B/D 

¢/jont —... 1.48 0.69 0.55 


For catalytic gas oil: 
Capacity __ 360B/D 1800B/D 3600 B/D 
¢/gai ........ 3.38 1.64 1.29 
Another of the catalytic reforming 
processes to draw careful attention of 
American and foreign refiners is the 
Hydroforming process, which has been 
“fluidized”, that is, has been redesigned, 
from the Pre-War II fixed bed hydro- 
former using an alumina-molybdena 
catalyst in order to utilize the fluid 
catalyst principle that has become a 
widely known catalytic cracking tech- 
nique. According to statements made, 
the new design makes for lower oper- 
ating and investment costs, higher 
yields, and gives a process of wide flexi- 
bility, which can operate satisfactorily 
at high as well as lower product quality 
levels, such as octane ratings, aromatic- 
ity, etc. In a 50-bbl per day pilot unit, 
three sections are designed, the reform- 
ing, the regenerating, and the product 
recovery sections. Preheated naphtha 
and hydrogen-rich recycle gas streams 
are sent, at about 1000 F. into the bot- 
tom of the reactor. Cyclone separators 
are used as in cracking designs to re- 
move catalyst particles from the product 
vapors, which are then fractionated to 
specification demands, a part of the gas 
is recycled, and spent catalyst is with- 
drawn continuously to the regenerator 
as is done in the fluid catalytic crack- 
ing unit systems. Because of lower car- 
bon deposit from the lighter charge and 
the higher pressure operation, the hydro- 
former is more compact than the crack- 
ing unit. 
As reforming at levels of 95 to 100 
CFR-R octane ratings is believed to be 





Petrochemical Capital 


Experts have predicted that in- 
vestment in the petrochemical in- 
dustry will be about $7 billion by 
1960, an increase of 250 per cent 
over today’s $1.9 billion invest- 
ment. 











THE PETROLEUM ENGINEER, July, 1952 






API Refining 


the most interesting for refiners looking 
to future conditions, the work with the 
pilot plant has been directed largely at 
these levels. As process intensity is in- 
creased from 90 to 100 clear octane 
rating levels the yield of pentanes-to-430 
F endpoint product falls from just above 
82 per cent to just higher than 71 per 
cent. Butane yield was upped some, but 
most of the “loss” went to gas which rose 
from lower than 8 per cent to more than 
15 per cent, or was doubled essentially. 
Carbon deposit was low in all cases, 1.6 
per cent being the highest noted. That 
the yields do not drop off seriously when 
going to high intensity operation is ex- 
plained by the minimizing of thermal! 
degradation by use of the fluid catalyst 
technique, making the reaction proceed 
nearly isothermally. 

Various plants are under design to 
use the new process, a total of 44,200 
bbl per day of capacity building or 
under design. These figures include a 
2000-bbl per stream day plant for Pan- 
Am Southern at Destrehan, building; a 
10.000-bbl and a 20,000-bbl plant for 
Cities Service, being designed and en- 
gineered. A 22,200 bbl unit for Esso 
Standard at Baton Rogue is being de- 
signed at present. 

In the three years since the Platform- 
ing process was announced 27 units have 
been contracted for and 10 of these are 
in operation, Dr. Vladimir Haense! and 
his collaborators of Universal Oil Prod- 
ucts Company stated. One of the more 
recent applications of the process is that 
of “treating” or reforming high-sulfur 
(thermally) cracked gasolines. By this 
method these materials are desulfurized 
practically quantitatively — sulfur re- 
duced from 1.75 weight per cent to 
0.0007 per cent, for example—are satur- 
ated by hydrogen addition to olefins, and 
the octane rating raised considerably, 
from 68.3, F-1 clear, to 85 in the in- 
stance mentioned. 


With a yield of more than 90 volume 
per cent a West Texas naphtha has been 
Houdriformed at low pressure, 275 
psig, and 975 F temperature to give a 
reformate showing negligible sulfur, an 
F-1 clear octane rating of 98.2, and with 
the large aromatics content of 68 per 
cent, J. C. Dart, A. G. Oblad, and J. W. 
Schall of Houdry Process Corporation 
reported. This pilot plant operation is 
characterized also by the conversion of 
a considerable portion of paraffins to 
aromatics, about one-fourth of the paraf- 
fins present being so converted at the 
most severe conditions mentioned, and a 
space rate of 1.5 volumes of charge per 
volume of catalyst per hour. This indi- 
cates a “substantial activity” of the 
Houdriform catalyst for aromatizing 





. paraffins, the authors pointed out. 


The Atlantic Refining Company's re- 
forming catalyst can be regenerated by 
a simple steam-air mixture in case of 
carbon deposit, which normally does not 
form, said M. J. Fowle, R. D. Bent, and 
G. P. Masologites of that company (See 
Refining and Gas Processing, May, 1952, 
page C-40 for detailed article on this 
process). As sulfur in any form com- 
petes with hydrocarbons for catalyst 
surface and reduces catalyst activity, 
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this problem is solved by removal of 
hydrogen sulfide from the recycle gas. 
No indication of permanent catalyst 
poisoning has been found to result from 
the addition to the system of foreign 
materials such as water, sulfur, nitrogen, 
arsenic, or oxygen compounds. Experi- 
mental results in aromatizing methylcy- 
clopentane and cyclohexane to benzene, 
with the ratio of 4:1 of these two com- 
ponents in the charge, yield 90 per cent 
of the paraffin-free product, an operation 
that showed good selectivity at the low- 
est pressure levels (175 psig). Design- 
ing a unit for aromatics production pri- 
marily, attention should be given to op- 
peration at the lower pressures at which 
the better equilibrium conditions pre- 
vail, the authors stated, promising a 
later publication giving detailed aro- 





Of 12 military vehicles tested by the 
CRC staff in collaboration with Army 
Ordnance and vehicle manufacturers, 
six passed the vapor lock tests using 
fuels of 8 lb Reid vapor pressure at 125 
F, under the severe Yuma, Arizona test 
station conditions. The other six were 
changed in various design features and 
then passed the same tests for vapor 
locking tendency, Kenneth Boldt, Errol 
J. Gay, and Gilbert Way reported. Both 
air-cooled and _ liquid-cooled engines 
were tested also for anti-knock require- 
ments by these authors and their group 
nicknamed “The Desert Rats”. All 
track-laying vehicles showed satisfactory 
operation with the specification gaso- 
lines of 80 Motor and 86 Research oc- 
tane number. Later experience indi- 
cates that the octane requirements in a 






the findings at Yuma and its high tem- 
perature, dry and dusty atmosphere con- 


ditions. Several “wheeled” vehicles 
showed requirements higher than the 
standard 80-86 octane number fuels; on 
several vehicles it was found practically 
impossible either to check: or to adjust 
the engine timing. This fact was relayed 
to Ordnance and steps are being taker: 
to “improve the situation”. 

Interesting enough, the tests showed 
that the best way to obtain freedom 
from vapor lock is to use fuel pumps 
submerged in the fuel in its tank 
Ordnance vehicle fuel systems must be 
able to handle boiling fuel, that is, the 
fuel must be pushed to carburetor, not 
sucked up by an engine-mounted pump. 
Fuels system changes dictated by these 
and later findings will be tested during 


























matics production discussion. combat theater differed markedly from the summer of 1952. eet 
PLANT AID - 
? 
Panel Board for Clock Regulation 
C. P. DOMANGUE, meter man, Gregg- A 
Tex Gasoline Corporation, Longview, ’ : 48 IN. fod be 
Texas set] | % IN. HOLES : 
. > x TO BE DRILLED 
Purpose: To regulate repaired et AND TAPED 
Ta e 


clocks for installation. 


The panel board was built to regulate 
eight Foxboro clocks at one time. By 
regulating the clocks on the panel board, 
it eliminates extra man hours and trips 
to the field meters to perform this work. 
The same kink on the panel board will 
work on Emco, Bristol, Westcott and 
Macnick clocks by changing the depth 
of the board and spacing of holes for the 
clock mount studs. 

Material for panel board: % in. steel 
plate 21 in. by 48 in. for back of rack; 
1% in. plywood board 24 in. by 48 in. 

- for front of rack; (5) spacers 14 in. by 
1 7/16 in. made from % in. pipe; (5) 
Y%-in. by 214-in. round head bolts for 
spacers and to mount wood panel on 
steel plate; and 8 inner arm brackets 
with pen arms. 

Detail: Mark off steel plate in squares 
101% in. by 12 in. and tap three holes in 
each square ¥% in. by 40 threads to cor- 
respond with the clock mount studs, (see 
sketch 1). Mount steel plate on wall of 
meter room and then center plywood 
on steel plate and mount with the five 
spacers and bolts, one in each corner 
and one in the middle, (see sketch 2). 
The 1-7/16-in. spacers and 1%-in. ply- 
wood are the same depth as the clock 
mount in the meter (see sketch 4). Mark 
plywood off in twelve-inch squares with 
an opening cut in each square large 
enough to mount the clocks on the plate 
(see sketch 2). The pen arm is mounted 
above clock opening with an inner arm 
bracket. Install clocks, place charts on 
and you are ready to regulate the clocks. 





*NGAA Honorable Mention—Class B. 


You can regulate the clocks dur- 
ing spare time but I would sug- 
gest you check and regulate the 
clocks at start of day’s work, also 
at noon and end of day’s work. 
Ordinarily one day is sufficient 
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SKETCH 1. 


Ye IN STEEL BOOK PLATE TO BE DRILLED AS SHOWN IN 
BLOCK 1 TO FIT FOXBORO CLOCKS EACH BLOCK TO ACCOMMODATE 
IN. oe 
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SKETCH 3. TWO HOLES SET UP FOR CLOCKS 


PANEL 1 TO BE®™ 
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time to regulate 24-hr clocks and 
seven-day clocks from two to three 
days. 

Sketch 3 shows how panel board 
can be adapted for Emco and 
Macnick clocks. 
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Closeup of Numex TCC unit showing catalyst hopper, 
exchangers, fractionator, and accumulator. 


First Package-Type TCC 


Unit Operation Successful 


CLAUDE L. WITHERS* 


Night view of lower and ground level elements of unit. 


P 721.33 


Tue first of the “packaged” air-lifi 
TCC units, designed to provide catalytic 
gasoline economically in the small re 
finery, completed its initial six months 
of operation in March of this year. This 
6000-bbl per day TCC unit was in- 
stalled by the New Mexico Asphalt and 
Refining Company (Numex) at its Ar 
tesia, New Mexico plant during theit 
recent modernization project. 

The oil processing facilities at the 
Numex refinery after completion of the 
expansion program consisted of crude 
distillation, thermal cracking, TCC 
catalytic cracking, catalytic polymeriza- 
tion, and gasoline treating. The existing 
facilities of crude distillation, thermal! 
cracking, and gasoline treating were 
integrated with the new TCC and cataly 
tic polymerization units to give maxi 
mum flexibility of operation so that now 
the Numex refinery can meet wide varia 
tions in market requirements or product 
specifications. 

TCC feed preparation sections pro 
vide flexibility to handle a large variety 
of charge stocks. Hence the Numex TC( 
unit, with its attendant tar separation 
feed preparation unit, can be operated 
on virgin gas oil, topped crude, whole 
crude, naphtha, straight run gasoline 
or mixtures of these stocks. Likewise 
customary provisions have been made so 
that the Numex TCC unit can handle 
the recycle gas oils from the catalytic 
cracking operation on the above stocks 
Enough heat exchange equipment ha 
been installed to permit cold operation 
from tankage or hot operation from the 
thermal and distillation units. The spe 
cial cost saving methods used in the 
design and construction of this “pack- 
aged” TCC unit, involving shop fabri- 
cation of the equipment, have been well 
described in the literature.*»?»* Descrip- 
tions of the equipment on the Numex 
TCC unit and catalytic polymerization 
unit have also been recently reported.* 

The operating history of the Numex 
TCC unit for its first six months ha 
demonstrated that more than the de- 
signed operating capacity is available t 
the refinery. Moreover the TCC unit has 
demonstrated outstanding flexibility for 
handling a wide variety of charging 
stocks since the charging stock to the 
TCC unit was changed frequently and 
easily during the first few months of 
operation without disturbing the efficient 
operation of the unit. These changes 
which were made during the first six 
months of operation to meet changes ir 
crude production schedules, in loca! 
marketing conditions, and in produc 
specifications, are noted below: 


Gas Oil and Whole Crude 
Operation 

For the start-up operation, gas oil 
from storage was charged to the feed 
preparation section of the new TC 
unit along with whole crude. The whol 
crude consisted of a mixture from the 
Hobbs and Longlie Mattox fields in 
New Mexico. This crude containing a 
minimum of 1.5 and a maximum of 2.0 


*Vice president, New Mexico Asphalt and R 
fining Company. 














weight per cent sulfur, has an API grav- 
ity of 33, and contains 30 volume per 
cent of straight run gasoline. It is a typi- 
cal sour West Texas crude. The gas oil 
was a mixture of straight run and ther- 
mal gas oils, which were stored prior 
to the start-up of the TCC unit. 


Topped Crude, Whole Crude, Partial 
Straight Run Gasoline Operation 


After the gas oils in storage were de- 
pleted, the thermal unit was charged 
with tar separator bottoms for -vis- 
breaking to No. 6 or bunker fuel specifi- 
cations. The available charge for cataly- 
tic cracking was then less than the nomi- 
nal capacity of the unit. The catalytic 
cracking unit was kept to capacity by 
increasing the amount of whole crude 
sent to the tar separator of the TCC 
unit, and also by the introduction of 
reduced crude to the tar separator. The 
amount of topped crude available for 
catalytic cracking was limited by the 
market requirements for middle dis- 
stillates, as only the amount of crude 
necessary for these products was 
charged to the distillation unit. 


Whole Crude Operation 


A change in product requirements 
made: it desirable to run with- 100 per 
cent whole crude charged to the tar 
separator of the TCC unit. This opera- 
tion also made it possible to effect a 
savings. by shut-down of the crude dis- 
tillation, gasoline treating and thermal 
cracking facilities for maintenance turn- 
saround without reducing gasoline qual- 
ity or decreasing crude run. It should 
be mentioned here that the original 
modernization program in the refinery 
had not included any additional facili- 
ties for gasoline treating. Therefore, as 
the crude run was doubled, it was nec- 
essary to plan that excess straight run 












































Air view of first commercial package-type TCC catalytic 
cracker to go into operation. It is situated at New Mexico Asphalt and 
Refining Company plant at Artesia, New Mexico. 








TCC section material balances 


































; Case 1 Case 2 Case 3 
Charge : API B/D M#/D Vol.% Wt.% API B/D Mé#/D Vol.% Wt.% API B/D Mé#/D Vol.% Wt. % 
St. run gasoline to TCC tar separator. ves aaee mak “sthens sheen. —-duate uae pehle” Gee “eee “anor. 59.0 883 229.6 17.5 15.8 
Crude to TCC tar separator......... snc ae 3470 1037.0 89.0 86.7 34.0 5800 1735.0 115.5 118.9 34.6 4140 1233.7 82.2 84.9 
Topped crude to TCC tar separator......... 21.9 2055 664.0 52.6 55.5 Aa Gea pa iene “aaaue 21.7 1317 425.4 26.2 29.3 
Gas oil to TCC tar separator......... hee e alaa cian ichiaate sala —dasatbis 39.5 230 66.5 4.6 4.6 eS ee ee eee 
Total to TCC tar separator............... ae 5525 1701.0 141.6 142.2 a 6030 1801.5 120.1 123.5 a 6340 1888.7 125.9 130.0 
Tar separator bottoms make................ 15.7 1625 546.0 41.6 45.7 14.8 1012 342.0 20.1 23.5 13.5 1306 445.3 25.9 30.6 
Fresh feed to TCC reactor. . cas oar 3900 1155.0 100.0 96.5 atid 5018 1459.5 100.0 100.0 wecnis 5034 1443.4 100.0 99.4 
Recycle feed to TCC reactor................ MD Seates) “vetes. weeps ota BE ksenes, seeds Sexe nea DM “sclate shece. Sabema 
Total feed to TCC reactor.................. MY) aie aden. <Keebnd aS 78 RR ee ee: ae Serene eee ee 
Thermal gas to TCC gas plant.............. nee ee:  Geeee 2.3 ES Baek. Beheee i keees: “aetna “ae | bare? eee coe 
St. run gas to TCC gas plant............... | * ie ee theses cabcey -aeaene occ cose 9.2 0.6 
STRESS eee ee oe rene oF ee ae eee a ae jk ee 100.0 
Products 
Debutanized TCC gasoline (420 F end point) 54.7 2560 681.0 65.7 57.0 54.8 3420 910.0 68.1 62.4 54.4 3626 964.5 72.0 66.4 
Cat. poly gasoline (435 F end point)......... oes 301 78.2 7.7 6.5 nee 229 59.5 4.6 4.1 ee, 199 51.7 4.0 3.6 
Butanes to gasoline blending................ oe 278 55.6 7.1 4.6 Bae 317 63.4 6.3 4.3 ee 378 75.6 7.5 5.2 
No. 2 fuel oil (520 F end point)............. 32.0 335 101.5 8.6 8.5 31.0 460 140.2 9.2 9.6 28.3 422 130.8 8.4 9.0 
on i cecnnceadeenseeseuess 16.9 309 103.2 7.9 8.6 15.3 318 107.1 6.3 7.3 13.1 190 65.0 3.8 4.5 
Rd netic cSbassrennturcctane bene wei’  ' ae 6.8 sem ae OS) 6.4 ‘eee ieee St aa 5.0 
inercers » SELENE TERE SERRE VE Ernie oun , ae 6.6 bicien 2 ae 5.3 ; + aro 5.5 
ETE 3783 1180.0 97.0 98.6 4744 1451.2 94.5 99.4 4815 1440.0 95.6 90.2 
Octanes! * 
EE RR ERE TT OE nkeas.. wanes NP wewss  seaee NS teeta stneas 
Operating conditions 
Catalyst to oil ratio, vol.................... Me “Seens deen ae ciaeeel ‘ibeces ee néeve 
Space velocity V/hr/V..................005 _- ee Seeee aaa er 
Recycle ratio V rec/V F.F.................. RS PE. Cchweks” besa ae 
Catalyat activity index.........cccccscccess . when? «dane | ase SA 
Average reactor temperature F.............. ede ( aieoee SY . “Sige bases ekowh See ore ear, 
Vapor to reactor temperature F............. ae ee a). ‘tase  dobaes er 
Catalyst to reactor temperature F........... hema. sata ‘ __. See ae Sa ae 





1 Includes large amounts of straight run gasoline. 
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vasoline would: be charged to the TCC 
unit to take advantage of its desulfuriz- 
ing abilities. It is of considerable com- 
mercial significance to note that not 
only was the straight run gasoline satis- 
factorily desulfurized by the TCC opera- 
tion, but also the operation was further 
justified by the increase in clear octane 
numbers obtained on the straight run 
gasoline. The whole crude operation on 
the TCC indicated that in addition to the 
desulfurization that gave increased lead 
susceptibility, the straight run gasoline 
was improved by 13 Research, clear, oc- 
tane numbers when charged to the TCC 
instead of to the gasoline treating plant. 


Topped Crude, Whole Crude, and 
Total Straight Run Gasoline 
Operation 


The octane number improvement dem- 
onstrated in the whole crude operation 
for processing the straight run naphtha 
was used to advantage when the crude 
distillation units were placed back in 
service, which became necessary to pro- 
duce some straight run kerosene and 
diesel products. Under this operation the 
middle distillate products were obtained 
by sending to the crude distillation units 
the minimum amount of crude required 
for these straight run products. Then 
the charge to the TCC unit itself con- 
sisted of whole crude, topped crude, and 
straight run gasoline. Additional capac- 
ity in the TCC unit was utilized by re- 
cycling catalytic gas oil. 


Flow Diagrams 


By way of illustration, block flow 
diagrams giving the flow of major refin- 
ery steams for the last three operating 
cases are shown: 

Thus, in Case 1 all the refinery oil 
processing facilities are in use. Part of 
the crude oil flows to the topping sec- 
tion of the plant and a part flows di- 
rectly to the tar separator section of 
the TCC unit. The straight run gasoline 
and the gas oil from the tar separator 
pass to the TCC reactor. The gasoline 
product goes through the usual process- 
ing. The straight run gasoline from the 
topping section is charged directly to 
the gasoline treater. The wet gases from 
topping and thermal cracking are sent 
to the gas plant section of the TCC unit. 
The gas from the TCC gas plant is sent 
to the catalytic polymerization section 
where dry gas, butanes for gasoline 
blending, and catalytic polymerization 
gasoline are produced. The tar separa- 
tor bottoms are cracked thermally to 
heavy fuel. 

Case 2 differs from Case 1 in that the 
topping, thermal cracking and gasoline 
treating sections are shut down. Whole 
crude is charged to the tar separator of 
the TCC unit and the total overhead 
from the tar separator passes to the 
TCC reactor. The tar separator bottoms 
go directly to fuel instead of to thermal 
cracking. 

In Case 3 the thermal cracking and 
gasoline treating sections are shut down. 
The charge to the TCC tar separator 
consists of whole crude, topped crude, 
and straight run gasoline. 


THE PETROLEUM ENGINEER, July, 1952 




























Auxiliary equipment for cat cracking unit. 





Skeleton or supporting derrick of the TCC unit. 
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Material Balances 


Material balances and o;:. 
erating conditions for the 
TCC section of the refinery 
for each of the three flow 
diagram cases mentioned 
above are shown in tlic 
tables. The product volume 
and weight balances are 
based on the TCC reactor 
fresh feed charge. The re- 
finery fuel gas contains the 
excess butanes not needed 
for blending. The product 
gasoline was blended to 10.5 
lb RVP. 

It should be noted that 
the octane numbers shown 
are for the total gasoline 
streams from the catalytic 
cracking sections of the 
plant. These gasoline 
streams include, in all cases, 
large amounts of straight- 
run gasoline. Thus, Case 1 
includes the straight run 
gasoline present in the 
whole crude charged to the 
TCC tar separator as well 
as some thermal cracked 
products from the Thermal 
Unit wet gas stream. In 
Cases 2 and 3 all the 
straight run gasoline from 
all the crude being proc- 
essed by the refinery is in- 
cluded. The average reactor 
temperatures in Cases 2 
and 3 were considerably 
higher than in Case 1. Thus 
the octane values reported 
for these cases exceed that 
reported in Case 1. 

The TCC catalytic crack- 
ing section operates on 
Socony synthetic bead cata- 
lyst. The catalyst attrition 
losses have been low from 
the initial operation of the 
TCC unit. The average cat- 
alyst loss for the first six 
months operation is 1.22 
tons per stream day or ap- 
proximately 0.4 lb per bar- 
rel of reactor charge. The 
catalyst attrition loss for the 
second three months’ opera- 
tion is 1.0 ton per day or 0.3 
lb per barrel of reactor 
charge. This normal attri- 
tion rate has maintained an 
equilibrium catalyst activ- 
ity level of 32, which is op- 
timum for the refinery. Ad- 
ditional catalyst make-up is 
not required to maintain a 
satisfactory equilibrium cat- 
alyst activity. 

This unit was built by 
Southwestern Engineering 
Company, and is licensed 
by Socony-Vacuum. 
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Courtesy Esso Standard Oi! Company 


General view of part of the plant for producing iso-octyl alcohol, showing the compressor house in the background, the 
control room in the left foreground, and various high-pressure pumps, lines and vessels. 


PETROCHEMICALS FROM WATER GAS 


PART 3—Coal hydrogenation and gas synthesis produce 


hydrocarbons and the OXO process synthesizes alcohols 


CComprenne the list of major “highest- 
pressure” processes in which water gas 
figures prominently is the hydrogena- 
tion of coals and heavy oils for the 
manufacture of gasoline, fuel oils, and 
specialty products. 

In its overall effect, the process is an 
extension of standard cracking pro- 
cesses, designed to overcome the latter’s 
inherent yield limitations. It is found 
particularly useful for upgrading car- 
bonaceous fuels of low hydrogen/car- 
bon ratio. 

A fundamental principal of all (non- 
hydrogenative) cracking operations is 
the disproportionation of the hydrogen/ 
carbon ratio. This means that the light- 
boiling portion of the product will have 
® higher hydrogen content than the raw 
material, and a heavy portion of par- 

*Chemical Engineer, Pittsburgh, Pa. 
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ticularly high carbon content will be 
formed simultaneously. In normal petro- 
leum cracking practice, care is taken 
that the heavy products are still suff- 
ciently rich in hydrogen content to make 
them useful as fuel oils. 

If the starting material is much lower 
in hydrogen content than the average 
petroleum crude (as is the case in coal 
or in petroleum residues), standard 
cracking will yield only a small amount 
of light-boiling oils with the simulta- 
neous production of large quantities of 
heavy residue (e.g. coke obtained in the 
thermal treatment of suitable bitumin- 
ous coals). This ratio of light-to-heavy 
products can be displaced in favor of 
the low-boiling products by adding hy- 
drogen to the system during the crack- 


EXCLUSIVE 


ing reaction. In this manner it become: 
possible to convert between 95 and 100 
per cent of coals and heavy oils to gaso 
line and hydrocarbon gases. 

The primary cracking reactions in 
volve the intermediate formation of 
highly unsaturated molecular fragments 
(of low hydrogen content), which have 
a strong tendency to polymerize toward 
the formation of the yield-wasting heavy 
residues. The objective of high-pressur: 
hydrogenation is to saturate these pri 
mary molecular fragments almost a: 
soon as they are formed and thereby 
prevent the subsequent polymerization 
reactions. To obtain the requisite high 
hydrogenation velocity, it is necessary 
to apply hydrogen at very high partia! 
pressures. In almost all industria! in 
stallations, operation is carried out at 
300 or at 700 atmospheres (4500-10,500 
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psig) and at temperatures between 885 
and 905 F in the liquid phase. (In vapor 
phase operation—see below—tempera- 
tures may be as high as 930 F). 

Where light oils in the gasoline range 
are the desired product, the process is 
carried out in two stages. In the primary 
stage, effected in the liquid phase, the 
feed oil (or a slurry of coal and oil) is 
cracked in the presence of high-pressure 
hydrogen and small amounts of catalyst 
for the primary production of a middle 
oil (355-618 F). Small amounts of gas 
and gasoline are formed at the same 
time,’as are also heavy oils and asphalts 
and some unconvertible heaviest residue. 
The reaction product is separated from 
unused hydrogen by condensation at re- 
action pressure. Most of this hydrogen 
is boosted to reactor inlet pressure and 
is recycled, after having been fortified 
with water-gas-derived make-up hydro- 
gen. 

Product condensation is carried out in 
two stages. The material that will settle 
out of the gas phase at substantially re- 
action temperature and pressure is cen- 
trifuged and carbonized for the recovery 
of light components that can be recycled 
to the reaction system for more com- 
plete exploitation. The heavy compon- 
ents of this product portion include un- 
convertible matter, ash, and spent cata- 
lyst. They constitute the waste material. 

Material that is removed from hydro- 
gen at lower than reaction temperature 
is fractionated into its components: 
Heavy oil recycled to the reactors, mid- 
dle oil, which constitutes the bulk of the 
product and is fed to the second conver- 
sion stage (vapor-phase), some gaso- 
line, and hydrocarbon gases. 

Gasoline formed during the liquid 
phase conversion is of inferior quality 
and is accompanied by the formation of 
large amounts of hydrocarbon gases that 
constitute an economic waste (because 
of their very much lower value and 
greater hydrogen consumption) .1 These 
are the main reasons why the liquid 
phase is operated purposely in such 
fashion as to minimize the formation of 
gasoline. Instead, the middle oil formed 
during this phase is employed as feed to 
a vapor phase that serves to convert this 
material to high-quality gasoline in very 
good yield. 

Catalyst for the liquid phase must be 
expendable because it cannot be suc- 
cessfully separated from the other solid 
waste products. Catalytic materials are 
therefore employed in small quantities 
and the use of cheap chemicals is neces- 
sary (unless only exceedingly small 
amounts of a very active catalyst satisfy 
the reaction requirements). Optimum 
catalytic combination differs with raw 
material and reaction conditions. Great- 
est importance is attached to the use of 
iron sulfate compounded with sodium 
sulfide or sulfur (in the case of coal hy- 
drogenation) or in combination with 
caustic soda (in the case of tars and 
oils). These catalytic combinations have 
been used to advantage for the conver- 





iLight paraffin gases formed in the process 
may serve as raw material for hydrogen pro- 
duction as outlined in Part I of this series. 
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sion of tars, oils, and lignites at 300 
atmospheres and for the liquefaction of 
bituminous coal and coal pitch at 700 
atmospheres. Being particularly refrac- 
tory to liquefaction, bituminous coal at 
300 atmospheres requires a more active 
catalyst, and small amounts of tin oxa- 
late together with ammonium chloride 
have served successfully in tliis case. 

Highest-pressure (700 atmospheres) 
operation has the advantage of permit- 
ting higher operating temperatures than 
are possible at 300 atmospheres, without 
causing excessive gas formation. As a 
result, higher throughput per unit re- 
action space becomes possible. At the 
same time, it becomes possible to liquefy 
certain bituminous coals that resist less 
drastic hydrogenation conditions, and 
the use of less active (and cheaper) cat- 
alysts becomes feasible. The disadvan- 
tages of operation at such high pres- 
sures are the greater demands that are 
made on the reactor system and on com- 
pressor design, and the increased com- 
pression charges. 

As has been pointed out above, the 
production of gasoline by high-pressure 
hydrogenation of coals and heavy oils 
requires a second stage carried out in 
the vapor phase. Here, highly developed 
(and expensive) catalysts are arranged 
in a fixed bed over which a mixture of 
oil vapor and hydrogen is passed. The 
products of the reaction are condensed 
and fractionated. Unconverted middle 
oil is recycled to the vapor phase stage 
while gasoline is stabilized and washed 
prior to shipment. Hydrocarbon gas for- 
mation in this stage is small. 

Two fundamental types of vapor 
phase operation have attained industrial 
significance. At this writing, by far the 
more important is two-step hydrogena- 
tion at 300 atmospheres in the presence 
of tungsten sulfide catalysts. A relative 
newcomer is the single-step hydrogena- 
tion at 700 atmospheres in the presence 
of a catalyst consisting of molybdenum, 
chromium, zinc, and sulfur on a Fuller’s 
earth carrier. The high-pressure single- 
stage process is incorporated in the coal- 
to-oil demonstration plant (about 250 
bbl/day) of the U. S. Bureau of Mines 
at Louisiana, Missouri. 

The 300-atmosphere process is based 
on the development of a highly active 
catalyst containing 10 per cent tungsten 
disulfide on Fuller’s earth. This catalyst 
is capable of yielding an aromatic gas- 





_ New Use for Formaldehyde 


Formaldehyde, a chemical much used 
in the manufacture of plastics, dyes, 
and drugs, may help petroleum refiners 
remove impurities in cracked gasoline. 
At present, sulfuric acid is used to re- 
move these impurities, which can cause 
gum in engines. Ingenious chemists in 
an oil company's research laboratories 
came up with the formaldehyde tech- 
nique, which may prove to be even 
more satisfactory than sulfuric acid. 

This new method is important because 
of the current shortage of sulfur. 











oline of high octane number with the 
production of tolerably small amounts 
of hydrocarbon gases (13 weight per 
cent, including butanes). Reaction tem. 
perature is about 750 F. This cataiyst 
places certain stringent requirements on 
the maximum permissible nitrogen and 
oxygen content of the feed, and also re- 
quires a definite minimum hydrogen; 
carbon ratio in the oils it will handle. To 
maintain this catalyst’s activity, the con- 
tinuous addition of sulfur (usually in 
the form of H,S) to the feed is neces- 
sary, unless the feed itself 1s rich in this 
element. Hydrogen sulfide can be recoy- 
ered from the products and recycled. 

In order to provide the necessary de- 
gree of refining and hydrogenation for 
the feed to this dilute WS, catalyst, the 
middle oil from liquid-phase hydrogena- 
tion is subjected to a “prehydrogena- 
tion” or “presaturation” treatment that 
is carried out at 300 atmospheres and 
725 F in the presence of a pure tungsten 
disulfide catalyst. This presaturation 
step (operated at higher temperatures) 
can by itself yield gasoline. The octane 
number of this product is insufficient for 
most purposes, however, unless temper- 
atures are so high that gasoline yield 
will drop to a non-permissibly low level. 
The two-step operation here described is 
therefore preferred. For the production 
of aviation gasoline, even these two steps 
are insufficient and a low-pressure (50- 
atmosphere) hydroforming stage is pro- 
vided for final upgrading purposes. 

In the hydrogenation of bituminous 
coal liquefaction or carbonization oils, 
the single-stage vapor-phase operation 
yields a gasoline of substantially the 
same quality and in nearly the same 
yields as the two stages of the 300-atmos- 
phere process plus the hydroforming 
stage. It is operated at high tempera- 
tures (895-935 F), which become per- 
missible as a result of the high pressures 
(700 atmospheres) employed. For the 
manufacture of aviation gasoline, the 
700-atmosphere and 300-atmosphere 
processes are roughly competitive. In 
motor gasoline production, the lower 
pressures are at times more favorable. 

In the course of coal liquefaction, 
large amounts of phenols accompany the 
production of gasoline. It has been esti- 
mated that a 20,000 bbl/day gasoline 
plant can be made the source of 150.- 
000,000 lb per year tar acids. Other 
chemicals, which potentially can be re- 
covered from this source and are thus. 
indirectly, a product of water gas (since 
water gas production constitutes some 
20-30 per cent of the total cost of high- 
pressure hydrogenation), include: Tar 
bases, acetone, methyl-ethy] ketone, ace- 
tonitrile, sulfur, ammonia, pyrene, car- 
bazol, coronese, etc. 


Production of Gasoline and 
Chemicals by Gas Synthesis 


Competitive, and in some instances 
economically superior, to coal hydrogen- 
ation is the gas synthesis process as a 
source of liquid hydrocarbons. 

The process, generally associated with 
the names of Franz Fischer and Hans 
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...the picture story that captures the 
personality of an industry 


® Consulting photographic editor of Holiday, and a 
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Tropsch, exists today in three major 
variations: (a) Low-pressure and me- 
dium-pressure synthesis in the presence 
of cobalt catalysts, (b) medium-pres- 
sure synthesis in the presence of iron 
catalysts, and (c) high-pressure synthe- 
sis (“isosynthesis”) in the presence of 
thoria catalysts. 

Only the first two approaches have so 
far achieved commercial significance, 
while the third method is economically 
not promising. Wartime German gas 
synthesis was based entirely on process 
(a). The higher gasoline quality and 
greater production of valuable organic 
chemicals that can be achieved in iron 
catalysis tend to make process (b) more 
attractive for American conditions. The 
commercial Fischer-Tropsch plant at 
Brownsville, Texas is based on the use 
of iron catalyst, as is also the gas syn- 
thesis demonstration plant of the U. S. 
Bureau of Mines at Louisiana, Missouri, 
Various oil companies (Phillips, Texas 
Co., Esso Standard Oil Company) have 
also pursued active pilot plant research 
along the same lines. 

In each case, the underlying reaction 
is the hydrogenation of carbon monox- 
ide to form hydrocarbons, steam, and 
carbon dioxide. 


nCO -+- 2nH, = (CH,)n -+- nH,0_(1) 
2nCO ++ nH, = (CH,)n +nCO,— (2) 


Feed gas is a mixture of carbon mon- 
oxide and hydrogen in suitable propor- 
tions. For cobalt catalysis, which takes 
place mainly in accordance with re- 
action (1), optimum CO/H, ratio is 1:2. 
Greater CO/H, ratios are required for 
the most effective execution of iron-cat- 
alyzed gas synthesis, which forms appre- 
ciable quantities of CO, in accordance 
with equation (2). Exact synthesis gas 
composition in this latter case depends, 
above all, on the exact method by which 
the catalyst has been prepared, and may 
be as high as 1.8. 

Purity requirements on the synthesis 
gas are unusually high. Dust, gum form- 
ers, and tars should be substantially 





absent. Sulfur and hydrogen cyanide are 
potent catalyst poisons and must be held 
below a total of 0.1 grain per hundred 
cubic feet. The presence of methane, 
carbon dioxide, and nitrogen is not in- 
jurious as such. It does, however, lower 
the reaction rates and yields (because of 
reduced partial pressure of reactants) 
and increase reactor volume require- 
ments. Economic considerations there- 
fore dictate that these diluents be main- 
tained at a minimum level. Nitrogen and 
methane content is fixed by the opera- 
tion of the gas production step, and car- 
bon dioxide can be removed from the 
synthesis gas by washing steps outlined 
in Part 1 of this series. As an interesting 
sidelight, it may be noted that the pres- 
ence of appreciable amounts of methane 
in the synthesis gas has actually been 
championed in one instance (2). The 
arguments leading to this recommenda- 
tion (production of a tail gas of high 
heating value for long-distance trans- 
mission) have some merit in the Euro- 
pean economy, but cannot be considered 
valid for American conditions. 


Major engineering problem in the de- 
sign of Fischer-Tropsch reactors is the 
effective removal of the large amounts 
of heat of reaction from the tempera- 
ture-sensitive synthesis system. The 
problem is especially pronounced in the 
case of cobalt synthesis where tempera- 
ture constancy must be assured within 
9 F (5C), and where the physical 
characteristics of the catalyst will not 
permit the use of fluidized operation. 
Effective heat removal in all cobalt-cat- 
alyzed installations built to date has 
been provided by the distribution of cat- 
alyst between double pipes or between 
closely spaced fins of water-cooled 
finned pipes. A major American contri- 
bution to the process has been the devel- 
opment of fluidized operation in connec- 
tion with iron-catalyzed gas synthesis. 
This permits considerable steel savings 
and simpler reactor design, and assures 
a particularly high degree of tempera- 
ture uniformity because of the excellent 
heat transfer characteristics of fluidized 


Erecting high pressure converter for coal hydrogenation. 
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solid-gas systems. Limitations on { uid. 
ized operation are imposed large! by 
the need for an inexpensive cat:'yst, 
and by the limitation of the proces to 
the production of light oils (gasvline 
range), which will not condense o: the 
catalyst and thereby obstruct it. \. ider 
latitude is given to the possible pre !uct 
distribution in the operation of ojl- 
cooled systems as practiced by the ‘'. S. 
Bureau of Mines. Here, a fixed-bed :ron 
catalyst of high activity is continu: usly 
flushed with cooling (hydrocarbor } oil 
for the purpose of removing the heat of 
reaction. An alternative expression of 
the same approach is the operaticn of 
the gas synthesis process by passing 
feed gases over a catalyst-in-oil slurry, 


‘In each of these (iron-catalyzed) proc. 


esses, the heat of reaction can be applied 
usefully to steam generation. 

The eventual build-up of reaction- 
repressing water and carbon dioxide in 
the system and the growing tendency of 
product to coat and obstruct the catalyst 
are the bases for operation of Fischer- 
Tropsch processes in multistage. or re- 
cycle practice. Between stages or before 
gas recycle, reaction products are re- 
moved from the system to permit further 
processing of the synthesis gas with best 
yield. Eventually (after the second or 
third stage in multistage operation) , the 
carbon monoxide and hydrogen concen- 
tration is so low that further processing 
is no longer economically justified. 
These tail gases then constitute a large 
reservoir of inexpensive heat, which has 
already been written off in terms of de- 
creased synthesis yield, and, which is 
employed in various ancillary opera- 
tions throughout the plant. 

An important aspect of Fischer- 
Tropsch hydrocarbons is the prevalence 
of straight-chain compounds and the 
very low concentration of branched 
chain hydrocarbons with more than one 
carbon atom per branch. This is of prac- 
tical significance because molecules with 
only a single branch consisting of a 
methyl group contribute little to the oc- 
tane rating of the gasoline. 

This characteristic is observed in the 
products of both the cobalt- and iron- 
catalyzed processes. Typical of the iso- 
meric product distribution in cobalt- 
catalyzed synthesis is the composition 
of the C; to C, saturated hydrocarbons, 
which was found by Friedel and Ander- 
son’? to be as follows: 





Vol. per cent 


Constituent C, C, C, C, 
Normal 

hydrocarbons 94.9 89.6 87.7 84.6 
Monomethyl! isomers 5.1 10.4 12.3 15.5 
Others Negl. Negl. Negl. Negl. 





In the case of iron-based fluidized 
catalyst synthesis, the following distribu- 
tion has been reported :1* 





Weight per cent 


Constituent Cc, GQG & 
Normal hydrocarbons 75.9 60.2 55.4 
Monomethy] isomers 20.0 29.8 36.6 
Dimethyl isomers 0.4 1.7 892.4 
Cyclic isomers 3.7 8.8 5.6 





Most striking distinction between iron- 
and cobalt-produced synthesis products 
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is the higher olefin content of the former 
(which may range as high as 75 per 
cent), and the greater amounts of oxy- 
genated chemicals present in this in- 
stance. Both these phenomena may be 
ascribed to the more weakly hydrogenat- 
ing character of iron catalysts as com- 
pared to cobalt catalysts. 

While gasoline manufacturers frown 
on the use of cobalt catalyst in the 
United States, its potential as a pro- 
ducer of hydrocarbon waxes of unique 
characteristics does not eliminate it en- 
tirely as a potentially significant tool for 
the chemical industry. The favorite cat- 
alyst of this type is compounded as fol- 
lows: 31.9 per cent Co, 1.6 per cent 
ThO,, 2.6 per cent MgO, and 63.9 per 
cent kieselguhr. Operating temperature 
varies between 356 and 392 F, depending 
on the age and activity of the catalyst. 
Of particular significance is the effect 
of pressure, increase of which tends to 
displace the product spectrum toward 
the heavier products. This characteristic 
is illustrated strikingly by Table 4. 

Small amounts of acids and alcohols, 
and even lesser quantities of aldehydes, 
ketones, and esters have been identified 
in these products. The amounts involved 
are too small, however, to warrant re- 
covery of these chemicals and only one 
instance is known (at Hoesch, Ger- 
many) where a crude mixture of alco- 
hols was isolated commercially. 

The chemicals picture is quite differ- 
ent in the products of iron-catalyzed gas 
synthesis. The composition of the liquid 
make differs widely with the mode in 
which the reaction is executed, and with 
the catalyst employed. Of particular sig- 
nificance is the effect of pressure and 
temperature. High pressures and low 
temperatures are both conducive to for- 
mation of large amounts of oxygenated 
chemicals. Normal operating pressure 
is around 30 atmospheres. Temperature 
is determined entirely by the catalyst 
employed—but is considerably higher 
than in the case of cobalt catalysis. Cat- 
alysts range from carefully compounded 
ammonia catalysts to simple iron scale. 

An idea of the very significant forma- 
tion of byproduct chemicals may be 
gleaned from the expected yield at the 
Brownsville, Texas plant of Carthage 
Hydrocol Company, which is rated at 
6000 bbl per day primary hydrocarbon 
product. According to Sullivan,™ this 
plant will yield an annual 64,000,000 Ib 
ethanol, 14,400,000 lb n-propyl alcohol, 
9,100,000 Ib acetaldehyde, 11,200,000 lb 
acetone, 24,700,000 lb acetic acid, along 
with smaller but also very significant 
amounts of homologues of these com- 
pounds. It is clear that the impact of 
this production on the entire organic 


s 


chemicals industry will be immense. In- 
deed, three or four such plants would be 
in a position to supply most of the na- 
tional demand for these basic chemicals. 
Unless important new markets develop 
for these chemicals above present de- 
mands, it is clear that future Fischer- 
Tropsch plants will have to become a 
paying proposition on the basis of their 
hydrocarbon make alone, as the byprod- 
uct chemicals will then have none but 
a nuisance value. On this basis, the 
Fischer-Tropsch process does not yet 
present an economically sound picture 
in the United States. 

In any case, problems involved in the 
separation and purification of these by- 
product chemicals are enormous and a 
substantial reduction in their market 
price may not be expected in the near 
future for this reason. 

In concluding this consideration of 
the Fischer-Tropsch process, it may be 
well to mention the analogous methani- 
zation of water gas. This involves the re- 
action of one volume carbon monoxide 
with three volumes hydrogen for the 
production of methane and byproduct 
water. Most effective catalysts are based 
on nickel. The process is carried out at 
atmospheric pressure. Purity require- 
ments on the synthesis gas are akin to 
those described above in connection with 
the Fischer-Tropsch process. Although 
of possible use in isolated instances, this 
process is normally of little interest in 
the United States where the trend is to 
make water gas from plentiful methane 
rather than to produce methane from 
costly water gas. The reaction is, how- 
ever, significant for the removal of small 
residual amounts of carbon monoxide 
from some synthesis gases (e.g. in am- 
monia production). 


Long-Chain Alcohols 


A potentially significant, but not yet 
commercial extension of the iron-cat- 
alyzed Fischer-Tropsch process is the 
production of long-chain primary alco- 
hols by the Synol process. 

Considerable pilot plant experience 
on this product has been gathered in 
wartime work at I. G. Farbenindustrie 
Leuna. As here developed, the Synol 
process uses for its raw material a syn- 
thesis gas containing a carbon monox- 
ide-to-hydrogen ratio of 1:0.7. The re- 
action is carried out at a pressure of 
ahout 20 atmospheres and a tempera- 
ture of 380-400 F (i.e. a lower tempera- 
ture than is provided for hydrocarbon 
synthesis over the same catalyst). A sin- 
tered-iron catalyst is employed, of the 
type used for nitrogen fixation and for 
some versions of the Fischer-Tropsch 
hydrocarbon synthesis. 








TABLE 4. Products from the cobalt-catalyzed Fischer-Tropsch synthesis. 





Condensable gases (C3 & C4)... 0... Sees 


cogs cussnecyawienvoyensan tin 
Middle olf (105-890 C).............0cccsscccscccscccess. 
Heavy oil (230-820 C) 


Atmospheric 
pressure 


14 wt. per cent 
47 


11 Atmospheres 
10 wt. per cent 
26 
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The reaction shares many of the char- 
acteristics and problems of the Fischer- 
Tropsch synthesis. Here, too, one of the 
major engineering problems is the effi- 
cient removal of heat from the reaction 
zone. The presence of sulfur in the raw 
gas is highly deleterious and must be re- 
duced to the limits generally accepted 
for the operation of Fischer-Tropsch 
units. Either multistage or recycle oper- 
ation can be used to advantage for the 
achievement of a satisfactory yield. The 
extent to which the synthesis gas is use- 
fully exploited depends largely on eco- 
nomic considerations. It is obviously 
possible to increase the yield progres- 
sively by increasing the number of re- 
action stages or by raising the ratio of 
recycle to feed gas. For industrial pur- 
poses, the maximum utilization of syn- 
thesis gas is, in effect, limited to 90-95 
per cent of the carbon monoxide-plus- 
hydrogen content. Under suitable oper- 
ating conditions, approximately 9.6 |b 
liquid product and some 3 lb liquefied 
petroleum gases are produced per 1000 
cu ft carbon monoxide-plus-hydrogen. 

The liquid product is a complex mix- 
ture of oxygenated chemicals and hydro- 
carbons. By far the greatest portion of 
the oxygenated products consists of 
straight-chain primary alcohols. To- 
gether with the alcohols, various esters 
are found among the oxygenated chem- 
icals. Smaller amounts of aldehydes and 
ketones are also found in the product. 
Acids and other oxygenated compounds 
are present :in the product to an extent 
of less than 1 per cent. Materials of con- 
struction must therefore be selected with 
a view to satisfactory handling of dilute 
acids. 


The composition of the liquid product 
varies considerably with the operating 
conditions and the catalyst composi- 
tion. A representative product from the 
Synol synthesis may be expected to have 
approximately the following composi- 
tion’: 





Per cent 
Oxygenated chemicals... =: 35-50 
Olefins _.. 25-40 
Ee 


One of the most striking characteris- 
tics of the Synol product is the almost 
complete absence of secondary or 
branched-chain alcohols. This process 
therefore offers a unique method for the 
production of mixtures of straight-chain 
primary alcohols. 

The main—as yet incompletely solved 

‘ —problem is the separation of product 
alcohols from associated hydrocarbons 
in the same boiling range. A variety of 
processes has been proposed to carry 
out the necessary purification. As yet the 
only reasonably practical approach ap- 
pears to rest in the formation of a semi- 
stable boric ester of the alcohols which 
may be separated from the hydrocar- 
bons by simple distillation. The ester 
can then be resolved into its components 
by hydrolysis. Like most chemical meth- 
ods of separation, this procedure is a 
severe economic burden. Commercia! 
realization of the production of primary 
long-chain alcohols from water gas by 
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means of the Synol process must there- 
fore await the development of adequate 
methods for the separation and purifica- 
tion of the complex reaction product. 

A more immediate chemical potential 
rests probably in the production of a 
limited range of alcohols by the reaction 
of water gas in the presence of an alka- 
line ZnO catalyst at high pressures. 
Here the problem of hydrocarbon for- 
mation is negligible. The product con- 
sists primarily of alcohols, together with 
smaller amounts of ketones, aldehydes, 
acids, etc. Composition of the make dif- 
fers considerably from the products of 
iron-catalyzed (Synol) synthesis. Pre- 
ponderant among the products are iso- 
butyl alcohol and n-propanol, a fact that 
can be explained readily from thermo- 
dynamic considerations (i.e. from the 
point of view of reaction affinity of water 
gas). Thus, Natta and Rigemonti’ _re- 
port an isobutanol content as high as 
51.37 per cent of the total products 
(moisture and methanol-free basis) 
from one series of runs. The same liquor 
contained 13.13 per cent n-propanol. 
The process is therefore, above all. 
= for the synthesis of isobutyl alco- 
101. 

Pressures are akin to those encoun- 
tered in methanol synthesis. Contact 
time must be considerably longer for the 
production of isobatyl alcohol. (Indeed. 
the proposed reaction mechanism pos- 
tulates the intermediate formation of 
methanol.) Carbon monoxide content of 
the synthesis gas is higher than is desir- 
able in the case of methanol production 
and CO/H, ratios of 1/1.3-1.8 have 
been reported. 


Products of the OXO Process 


An important newcomer to the family 
of water gas-consuming chemical proc- 
esses is the OXO reaction for the manu- 
facture of long-chain aldehydes and 





alcohols. This scheme is today being op- 
erated commercially by Esso Standard 
Oil Company (nonyl alcohol) and by 
E. I. DuPont de Nemours and Company 
(trimethyl hexanol). At the same time, 
a number of other manufacturers are 
actively engaged in pilot plant studies of 
this process. 

The OXO process involves the inter- 
action of water gas with olefinic hydro- 
carbons in accordance with the equa- 
tion: 

R— CH = CH, + H,-+ CO <>» 
RCH.,, — CH, (CHO) 
or 


R —CH (CHO) —CH, (3) 


The product aldehyde can be readily 
hydrogenated for the formation of the 
corresponding alcohol. 

The OXO reaction is almost universal. 
It can, in effect, be employed with all 
mono-olefins, ranging from ethylene to 
pinene. In each case, straight-chain and 
a-methyl aldehydes are formed. The 
ratio of these products depends on the 
amount of steric hindrance encountered. 
In the “oxoation” of simple olefins, it 
may be stated as a rough rule that 
the aldehydic product is 60 per cent 
branched-chain and 40 per cent straight- 
chain. 

The conditions of the reaction are 
comparatively mild. Depending on the 
nature of the olefin to be oxoated, the 
reaction temperature is between 230 and 
300 F. The reaction is preferably carried 
out at elevated pressures ranging near 
200 atmospheres (3000 psig) and in the 
presence of small amounts of cobalt cat- 
alysts, of the type described above in 
connection with one version of the 
Fischer-Tropsch synthesis. Usual 
method of handling the catalyst is in the 
form of a slurry. Water gas composition 
is equal volumes of carbon monoxide 
and hydrogen. Aldehyde yields of about 


Within this reinforced concrete stall are located the reactors in 
which the iso-octyl alcohol is synthesized. 


Courtesy Esso Standard Oil Company 









































90 per cent (based on olefin consunip- 
tion) are obtained. 

Though simpler than in the case of 
Synol synthesis, the products of the 
OXO process are still quite complex. 
Associated with the two fundamertal 
types of aldehydes formed in accord. 
ance with equation (3), considerable 
amounts of isomeric aldehydes are found 
as are also smaller quantities of esters, 
aldols, etc. At the same time, up to 40 
per cent of the aldehyde make may be 
hydrogenated in the course of the OXO 
stage. This last tendency can be over- 
come by introducing small amounts of 
sulfur with the feed gas since sulfur hias 
a poisoning effect on the hydrogenating 
power of the catalyst although it does 
not interfere seriously with its capacity 
to oxoate. 

The problem of purifying the product 
aldehydes is not too serious, as long as 
compounds of low molecular weight are 
involved, which permit fractionation at 
relatively low temperatures. Direct syn- 
thesis of pure aldehydes above C,, by 
this process is no longer feasible as de- 
composition during the subsequent dis- 
tillation process will exceed econom- 
ically bearable limits. In that case, it is 
preferable to use an indirect approach 
in which the product is hydrogenated in 
a separate stage to form the more stable 
alcohols. These latter compounds can be 
suitably refractionated and may then be 
once again oxidized to the correspond- 
ing aldehydes. 

At this time there appears to be 
greater interest in OXO alcohols (used 
mainly for plasticizers) than in OXO 
aldehydes. For their production, the un- 
separated (and sulfur-free) aldehydes 
are subjected to a hydrogenation step, 
either in the presence of the cobalt-base 
OXO catalyst or, if preferred, over a cop- 
per chromite hydrogenation catalyst. In 
this step, the presence of carbon monox- 
ide is to be minimized and a separate 
gas cycle is therefore employed. 
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A prominent Illinois refinery has just completed a modernization and expansion program in which 90,000 feet of ACIPCO pipe in sizes 3-inch to 30-inch 
were installed along with a large quantity of ACIPCO fittings. This view shows ACIPCO discharge lines from water circulating pump house to refining units. 


Acipco Pipe Serves Oil And Gas Industries 


ACIPCO produces a complete line of high quality 
cast iron pipe for the oil and gas industries. 
ACIPCO pipe is conveying gas, crude oil, gaso- 
line, sour naphtha, salt brine, Foamite fire foam, 
water—and in fact, just about everything that a 
pipe line can conceivably convey. It is conveying 
these products under operating pressures ranging 
from a few pounds to the square inch, up to pres- 
sures in excess of 100 pounds of gas and 500 
pounds liquid. 


Our pipe is manufactured by the Mono-Cast 
centrifugal process, under rigid specifications in 
diameters 3-inch through 48-inch. It is corrosion 
resistant, will stand the impact of heavy loads and 
gives complete job satisfaction. The pipe is made 
in specific weights for specific laying conditions. 
You get the exact pipe your conditions require. 


It is equipped with any of a wide variety of 
joints including American Double-X, Flanged, 
Screw-Gland, Molox Ball Joint, Roll-On Joint, 
and Bell and Spigot. A complete line of fittings 
is available including transition pieces for inter- 
connecting with other types of joints and pipe. 


For many years our Company has pioneered in 
research, maintaining an experienced staff of chem- 
ists, metallurgists, engineers, and fully equipped 
modern laboratories. Refer your next piping prob- 
lem to ACIPCO and utilize our extensive manu- 
facturing facilities. 


Branch stocks of both pipe and fittings are 
strategically located in various cities for your con- 
venience. Write the office nearest you. Free litera- 
ture will be sent on request. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM, ALABAMA 


Dallas . Houston « El Paso “ 


Chicago e Minneapolis e 
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Structural steelwork for spray dryers going up at 
catalyst plant of Joseph Crosfield and Sons, Ltd. 


Catalysts for the United Kingdom 





P 721.33 


Erection of secondary dryer equipment. 





American and British companies collaborate to build 


A $2,800,000 plant for the manufacture 
of microspheroidal cracking catalyst 
began production at Warrington, Lanca- 
shire, United Kingdom, in January 1952. 
Technical advice and guidance in the de- 
sign and operation of the unit was fur- 
nished by Davison Chemical Corpora- 
tion, one of the leading catalyst manu- 
facturers in the United States, whose 
process is employed in the British plant. 
Four organizations were concerned in 
the execution of the project, namely, E. 
B. Badger and Sons (Great Britain) 
Ltd., Taylor Woodrow Construction 
Ltd., Davison Chemical Corporation, 
and Joseph Crosfields and Sons Ltd. 
The last named is an associated com- 
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pany of Lever Brothers and Unilever 
Ltd. 

With few exceptions the catalyst plant 
was constructed, and equipped, with 
materials of British ‘manufacture. In ex- 
ceptional cases the equipment was im- 
ported from the United States. Thus the 
two Swenson Evaporator Company 
stainless steel dryers were fabricated 
under license in the United Kingdom. 
They are the largest dryers of this type 
that have been made in Britain. Because 
of the strict physico-chemical conditions 
that must be observed at all stages of 
manufacture the catalyst plant embodies 


EXCLUSIVE 





$8,000,000 cracking plant at Warrington, Lancashire 


some of the most modern techniques of 
production control in the form of auto- 
matic temperature, pressure, and flow 
controllers. 

The rounded surfaces of the small 
fluid cracking catalysts render them 
more resistant to inter-particle attrition. 
Spray drying is the key to the new pro- 
cess, which provides a more uniform 
particle size than was feasible by the 
earlier technique of grading and sizing 
the silica-alumina material. Loss of the 
relatively expensive catalyst material is 
thus reduced. 

Weak solutions of sodium silicate and 
sulfuric acid are brought together in a 
special mixer to give a hydrosol, which 
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Erecting final dryer stack at the plant. 


sets in a few minutes to form a hydrogel 
of silica and water. To introduce 
alumina, aluminum sulfate solution is 


added, which impregnates the hydrogel. - 


Aqua ammonia precipitates the alumina. 
The slurry containing silica, alumina, 
ammonium sulfate, sodium sulfate, and 
other impurities is pumped to a drum- 
type filter where all surplus liquid is re- 
moved. The cake from the filter is 
mulled in a paddle-type equipment to 
give a slurry that is pumpable, but that 
will harden if it is not kept thoroughly 
agitated. The mulled silica-alumina 
slurry is pumped in equipment capable 
of developing 5000 psig through a series 
of nozzles located in the top of a spray 
dryer. The unit is cone shaped, 22-ft in 
diameter and 50-ft high. 

When the slurry leaves the nozzle it is 
in very fine droplets formed by the high 
pressure, and the design of the nozzle. 
These droplets pass down through a 
stream of hot flue gases moving in the 
opposite direction. The exit gases from 
the dryer pass through water scrubbing 
equipment to remove any catalyst car- 
ried out of the spray chamber. Complete 
recovery of the product is thus effected. 
Every bit of the dried catalyst that dis- 
charges from the bottom of the spray 
dryer must be washed to remove am- 
monium sulfate, etc. This is accom- 
plished by washing the material on a 
horizontal vacuum filter—a_ stainless 
steel unit 15-ft in diameter, with vacuum 
pumps and pumps for re-cycling the 
solution around the filter according to 
@ pre-determined schedule. 

The material discharged from the 
horizontal filter contains 50 per cent 
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water and 50 per cent catalyst. This is 
dried to remove the larger portion of 
water in a typical direct fire rotary unit 
equipped with cyclones and other auxil- 
iaries associated with large rotary dry- 
ers. The material leaving this rotary 
dryer—the spray dried microspheroidal 
catalyst—goes to storage. 

Construction of this British catalyst 
plant followed agreements between 
Joseph Crosfield and Sons Ltd., and 
Davison Chemical Corporation of Balti- 
more, U. S. A., and between Crosfields 
and the following oil companies: Esso 
Petroleum Co., Ltd., Anglo-Iranian Oil 
Co., Ltd., Shell Refining and Marketing 
Co. Ltd, Trinidad Leaseholds Ltd., and 
Bahrein Petroleum Company, Ltd. 

Preliminary design work was started 
in March 1950, and piling for new build- 
ings the following August. From then on 
work was hastened so as to have the 


plant completed, and in operation, by | 


January. Typical of the difficulties met 
with and surmounted is an example of 
the early days when, in order to meet the 
target date, several successive operations 
like schematic drawings, equipment dia- 
grams, detailed construction plans, de- 
tailed plant installation drawings and 
foundations, as well as preliminary 
work, has had to be carried on simul- 
taneously. This, together with the order- 
ing of the necessary plant, which had 
to be done during the same period, and 
much of which was not promised before 
September or October 1951, entailed an 
extraordinary amount of skill in organi- 
zation, and the*results achieved reflect 
great credit on all parties concerned. 
k** 
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PLANT AIDS 


Automatic Control of 
Air Fin Drive Speedt 


Purpose: To maintain a constant tem- 
perature on water from Air Fin Drive. 

Description: By placing a thermo- 
couple in the water line from the 
dephlegmator air fins and connecting to 
a temperature controller and contro! 
valve on the fuel to the air fin drive a 
constant temperature can be main- 
tained. As the water temperature drops 
the fuel is cut down reducing the fan 
speed and thereby causing the tempera 
ture of the water to rise. By carrying 
the temperature at the desired value the 
danger of a freeze-up is eliminated. The 
operation of the dephlegmator top tem- 
perature controller will be smoother 
with near constant temperature water. 
If the temperature of the water is at 
the optimum, better contacting of over- 
head vapors is obtained which will re- 
duce any carry-over of mineral sea] oil. 

By hand controlling, we have ob- 
tained the favorable operations men- 
tioned above. However, automatic con- 
trol would be more satisfactory, elimi- 
nating human error, and giving the op- 
erator more time when he needs it the 
most, during cold weather. 


M. J. HENSLEY, 
Phillips Petroleum Company 





Jig for Holding 
Wedge-Type Valves* 


The drawing illustrates the details of 
the tilting jig for holding valves for 
machining and repair. The tilting table 
is a segment of a sphere, on one section 
of which is a row of teeth. The tilting 











BODIES FOR 


TILTING TABLE 
BORING 
BAR 


TILTING 
GEAR 





ep 





| ae | 


BASE FIXTURE BOLTED TO BORING MILL TABLE 


gear is moved by a wheel, tilting the 
table until the valve body is at the de- 
sired angle with the machine, when the 
boring bar can be inserted and the de- 
sired work performed on the valve. Set 
ting up the valve body on this table 
requires only one manhour instead of 
324 manhours required formerly. Con- 
siderable saving is effected on 150 valves 
repaired (refaced) annually. 


W. D. FANNIN, M. C. SHAW, 
R. D. MILLER 


+NGAA—Permian Basin regional meeting. 

*This plant aid submitted through courtesy 
of the Humble Oil and Refining Company’s 
Coin-Your-Ideas Plan. 
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On L.P.Gas Units 


Orbit Forged Steel L.P. Gas Valves offer three way protection agains vapor leaks. 


1. Positive Friction Free Seating 
2. Welded Bonnet Construction 





8 RANCHES 3. Permanent Adjustable Stem Packing 


oN TEXAS PLUS—aAdditional protection of an all forged steel body and bonnet. Forgings are of a known 
stom. strength and density, being more homogeneous than castings, thus further eliminating the possi- 
Coast) bility of vapor leaks. 


HOU 
407 Velasco 


{Serving the Gulf 

ODESSA, TEXAS Afford yourself of the additional protection ORBITS have to offer when used where LP-Gas is 
402 West ae ney manufactured, handled, stored and loaded. 

(Serving West Toxo 


R, WYOMING —, aa 
a piibtee Sold by your Supply Stcres 
(Serving the Rocky Mews 


—— ORBIT VALVE CO. 


‘~’ 


P. O. Box 699 Tulsa 1, Okla. 





























































FIG. 1. Early attempt at graphical representation of process used 
on Houdry catalytic cracker. 


Trends in Refinery 
INSTRUMENTATION 


S. D. ROSS and J. PROCOPI 


PART 1 


One cannot view the panorama of the 
processing industries and their phenom- 
enal growth without .witnessing the 
striking impact of this expansion on in- 
strument development A summary of 
these recent improvements in instrumen- 
tation, in terms of new product descrip- 
tions, would be inadequate, in present- 
ing the over-all picture. In order to 
obtain a clear concept of what really is 
happening in process instrumentation, 
one must study control philosophy as 
practiced by chemical and process en- 
gineers, instrumentation engineers, and 
instrument designers and manufac- 
turers. Through an understanding of 
their thoughts, it is possible to classify 
current instrumentation activity in terms 
of five major trends, namely: (1) cen- 
tralization of control; (2) segregation 
of important data through scanning and 
monitoring; (3) product quality con- 
trol, with less dependence on inferential 
measurements; (4) recognition of servo- 
mechanism techniques in the application 
of instruments to processes, and (5) de- 
velopment of computer techniques for 
mcorporation into process control. 

A review of past progress in instru- 
mentation provides a helpful perspec- 
tive and, therefore, a greater apprecia- 
tion of the current trends. Instrumenta- 
tion history reveals three distinct periods 
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of advancement—the accounting and 
recording era, the automatic control era, 
and the current transition era with its 
“alter and improve” and “new ap- 
proach” philosophies. 


Accounting and Recording Era 


Prior to World War I, continuous 
processing, of course, was non-existent. 
Petroleum refining in the early twentieth 
century, for example, consisted of sub- 
stantially nothing more than the separa- 
ting of kerosine from crude; the heavier 
fractions were disposed of as lubricants, 
while the light naphthas had practically 
no market. Even in 1913, when the first 
commercial thermal cracking plant went 
on-stream, refining was a simple batch 
separation process. 

As a result of the impetus supplied by 
World War I, mass production tech- 
niques and continuous processing 
emerged early in the 1920’s. Industry 
found itself handling unprecedented 
masses of material at unprecedented 
rates of throughput. Hand counting 
methods no longer could keep up with 
the processing and manufacturing 
speeds. Cost accounting, a mass produc- 
tion must, required better tools. Fluid 
flow meters and continuous weighing 
equipment, which provided quantity 
records on a 24-hour day basis became 
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an intimate part of practically all 
processes. 

And to make manual adjustments of 
temperature, pressure, flow, and other 
process variables, a continuous, conven- 
ient indication and record of variations 
was indispensable. “Guesstimation” and 
rule of thumb were no longer tolerated 
by management. Accurate information 
was needed instantly and continuously. 

As a result, by 1930, an estimated 
14,000 American manufacturers were 
employing industrial instruments in 
their plants. This accounting and re- 
cording era witnessed early researches 
into automatic control, fostered by an 
ever increasing complexity of process- 
ing technology. Even with reliable in- 
formation continuously at hand, the 
shortcomings of manual operation be- 
gan to make themselves apparent. 

Automatic Control Era 

By the mid-thirties, instrumentation 
began to be looked upon as a necessity 
in meeting quality and cost require- 
ments, with the number of users rising 
to 18,000. Technologically, instrumenta- 
tion entered the automatic control era. 

With increasing processing complex- 
ity and higher standards of quality, it 
was found that on-off control was in- 
adequate in handling all of the process- 
ing control problems. Increased atten- 
tion was focused on improving control 
modes so as to provide optimum regula- 
tion of precesses. As a result, propor- 
tional, proportional-plus-reset, and other 
more sophisticated modes of contro! 
were developed to keep pace with the 
advances in processing techniques. 
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S. D. Ross is manager of the editorial 
section of the market extension division 
of the Brown Instruments Division of 
Minneapolis-Honeywell Regulator Com- 
pany. A graduate of the University of 
Pennsylvania, he joined Brown Instru- 
ments as a technical bulletin writer and 
application engineer soon after gradu- 
ation in 1939. In 1945 he was trans- 
ferred to the sales department and soon 
became technical editor of the com- 
pany’s quarterly house organ Instru- 
mentation, 

J. Procopi is chemical and petroleum 
industry engineer for the Industrial Di- 
vision of Minneapolis-Honeywell. He re- 
ceived his bachelor’s degree in chem- 
istry from Columbia University in 1946, 
after a 4-year tour of active duty with 
the armed forces. Following a brief 
period during which time he was em- 
ployed as a research chemist in high 
polymer studies, Procopi joined his 
present company. 











C-23 

















FIG. 2. Semi-graphic panel installed at a Southwest refinery. 


Transition Era 


World War II and its feverish indus- 
trial aftermath bestowed upon the in- 
strument industry a role of vital im- 
portance. Orders for instruments today 
stem from more than 40,000 users and, 
it is estimated that by 1954, the total 
will become 90,000. 

It is often said that wars accelerate 
technological progress and, in general, 
that is probably true. It is an equally ac- 
cepted fact, however, that many of our 
major processes—fluid catalytic crack- 
ing, synthetic rubber processing, and 
the like—were substantially frozen dur- 
ing the course of the last war. In the 
instrument industry, as well, the major 
designs were necessarily frozen in favor 
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FIG. 3. Full graphic panel on a distillation u 
miniature instruments. 
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of maximum production. While behind 
the scenes, many fundamental discover- 
ies were made, the war period did not 
provide the environment in which in- 
strumentation could transform from an 
art to a science. 

Immediately following the last war, 
during a year or two of interim peace, 
instrument manufacturers were able to 
turn away from the production emer- 
gency to look at their industry with a 
bit of perspective. The process industries 
also had an opportunity to evaluate in- 
strumentation and to suggest how it 
could be improved to meet their in- 
creasingly complex needs. Thus, instru- 
mentation entered its present transi- 
tional era with a sudden release of 
pent-up energies. 
Instruments that 
were considered 
conventional a few 
years — yes even a 
few months ago — 
are destined to be 
early victims of 
technological ad- 











Centralized Control 


Perhaps the most important applic: 
tion trend, which began during Wo:'d 
War II, was the development of the cen- 
tralized control board. 

In the years that immediately folloy, «d 
the emergence of continuous processi:¢ 
locally mounted indicating and reco-d- 
ing controllers were employed to re<u- 
late process variables. These loca! 
mounted instruments failed to achicve 
the automatic coordination that was re- 
quired for optimum efficient operation. 
Early attempts to effect closer super- 
vision and better coordination took tie 
form of locally mounted panelboards, 
The next step was a grouping of these 
individual panelboards into one contiol 
board that was mounted in a centrally 
located control room. 

With increasing processing size and 
complexity, the number of instruments 
employed continued to increase to the 
point where control panels became large 
and unwieldy. Operator training time 
increased. Confusion in _ instrument 
identification resulted in many cases in 
the use of small flow diagrams posted 
inside the instrument case in order to 
identify the point of application of each 
instrument on the process. 

Perhaps the most serious problem 
was that of lags attendant to long trans- 
mission distances. For example, a rela- 
tively long period of time was required 
for a sensing element to detect a proc- 
ess upset, transmit the signal to the 
controller mounted on the control board, 
and transmit corrective action in the 
controlled air pressure back to the con- 
trol valve. In order to improve over-all 
process supervision and to minimize the 
confusion resulting from over-enlarged 
panelboards, many attempts were made 
years ago to effect a graphical represen- 
tation of the process on control board. 

A simplified flow diagram on a panel- 
board was utilized as early as 1937 at 
the Marcus Hook Refinery of Sun Oil 
Company. This board was used to con- 
trol a Houdry Catalytic Cracking unit, 
and consisted primarily of indicators, 
alarm lights, and push-buttons mounted 
on a simplified diagram of the system. 
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FIG. 4. Typical engineered system for flow, showing 
separation of measurement and control functions as well as 


adaptability of these instruments to close-coupled systems. 
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FIG. 5. Scanner-monitor-logger. 


ments, however, were mounted on the 
process. 

Out of the period of gradual develop- 
ment which followed emerged the gra- 
phic panels as we know them today. Al- 
though the graphic panel idea is neither 
universally accepted, nor always logic- 
ally employed, it is definitely established 
in many plants. Oil refineries are, of 
course, the largest users, but paper mill 
processes, steel plants, and others are 
adapting it for its advantages in process 
operation. 

As far as design is concerned, there 
are two major types of panels in use— 
the semi-graphic and full graphic—each 
of which embodies specifications as set 
forth by prospective users. In the semi- 
graphic type, only small dial type in- 
struments are placed in the flow dia- 
gram. Miniature recorders and con- 
trollers, as well as those of conventional 
size, are mounted below and alongside 
the diagram, with colored symbols be- 
ing employed in the instruments and in 
the flow diagram, in order to indicate 
their points of application. Contrasted 
to this method of instrument mounting 
is the full graphic panel which utilizes 
miniature recorders and_ indicators 
mounted directly in the flow diagram. 
In this type, as in the semi-graphic 
panel, the use of color is important in 
keeping streams identified. 


Panel Components 


It is readily apparent that graphic 
panel advancement hinged upon a paral- 
lel development in instrumentation de- 
signed specifically for use with these 
control boards. The major consideration, 
of course, was to have board-mounted 
instruments of small size. 

By separating the measurement and 
control functions, the need for large 
recorder charts was minimized. In con- 
ventional size instruments of earlier de- 
sign, it will be recalled, a space balance 
system is employed in which a pen 
movement is mechanically linked to con- 


THE PETROLEUM ENGINEER, July, 1952 


ay 


ee Perea area 


troller action. In a system of this type, 
it was necessary to have a large pen 
movement in order to effect a pro- 
nounced control action. With a separa- 
tion of measurement and controller 
means, however, control is no longer a 
function of pen movement; and there- 
fore, the recorder becomes a deviation 
recorder only. In addition, the controller 
can be designed in any practical size 
or shape. 

Another consideration was the pos- 
sible elimination of transmission lags 
between measuring or controlling ele- 
ments at the process and the indicator 
or recorder-controller on the panel 
board. Such lags were due to the almost 
universal use of pneumatic transmission 
of measured variables and pneumatic 
control. They are particularly serious in 
flow control applications where a con- 
trol action is very quickly reflected in 
change of flow; small transmission lags 
thus become an appreciable portion of 
the whole system and can seriously ef- 
fect the quality of control 

The answer to the problem of lags in 
pneumatic control systems was the loca- 
tion of these new controllers at the 
process, closely coupled to the measur- 
ing and controlling elements. In order 
to maintain centralized control, how- 
ever, an indication or record of the vari- 
able was desired on the board. This lead 
to the development of “blind” pneu- 
matic controllers which were entirely 
separate from the indicating or record- 
ing instrument and connected in the sys- 
tem only by pneumatic tubing. 

With the locally mounted controller 
and board mounted indicator or re- 
corder, there was still the need for ad- 
justment of the set point and provision 
for manual operation at the control 
board. The blind controllers operated 
on a pneumatic-balance principle that 


easily permitted these functions. In this_ 


system, the measured variable is trans- 
lated into a pneumatic impulse by a 
transmitter; the set point is also deter- 
mined by a pneumatic impulse and the 
effects of these two air pressures are 
pneumatically balanced against air pres- 









sure to the control valve. Thus, the trans- 
mitter and air pressure regulator for 
the set point can easily be separate from 
the controller. 

For proper control, the new designs 
of blind controllers necessarily provided 
proportional and proportional-plus-re- 
set responses. One design was simplified 
with fixed proportional band and vari- 
able reset rate and another design was 
offered with one adjustment for chang 
ing both the reset rate and proportional! 
band. Another design provided a com- 
bination of control actions: First, pro- 
portional plus rate action, and secondly, 
proportional-plus-reset action; its par- 
ticular advantage is on start-up of batch 
or continuous processes because the first 
or primary control action initiates rapid 
counteraction as soon as the variable en- 
ters the control band, before the set 
point is reached, thereby avoiding over- 
shooting of the set point. 

Not all the advances in controller de- 
signs were confined to the pneumatic 
type in the post-war period All of the 
basic modes of control were made avail- 
able as well in new and improved de- 
signs of electrically-operated controll- 
ers employing latest developments in 
electronic circuits. One manufacturer 
developed a complete line of compon- 
ents for electric control with a miniature 
recorder for graphic panels. Indications 
today are that electric control may well 
gain back much of the ground lost to 
pneumatic control in the process indus- 
tries where the explosion-proof problem 
is not a limitation; transmission lags in 
centralized control systems are practic- 
ally negligible. 


Advantages of Graphic Panels 


The advent of these miniature instru- 
ments, such as the Honeywell Tel-O-Set 
family and graphic panels, with the at 
tendant elimination of a confused array 
of instruments lined row on row, has 
been a boon to the processing industry 
It is generally agreed that graphix 
panels effect a reduction of panelboard 
spaces and of the size and cost of a 
control room. In addition, plant opera 
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FIG. 6. Mass spectrometer installed at 
Paulsboro refinery of Socony-Vacuum. 


ting personnel, with little prior know- 
ledge of the process being controlled, 
are appreciably aided in following flows, 
with the result that operator training 
time is greatly reduced. Instrument 
downtime is decreased, a benefit made 
possible by the fact that faster overhaul 
of instruments is possible by interchang- 
ing units, than by prolonged mainten- 
ance of conventional type instruments. 
Other advantages which have been . 

claimed for graphic panels are that they 
are easy to install and simplify start-up 
procedure. These economies should be- 
come more apparent with improved in- 
strument designs and as a better under- 
standing of the panel is attained through 
its increased utility. 


Segregation of Important Data 


Additional manifestations of the cur- 
rent transition era are dial and scan- 
ning systems. In a dial system, a man- 
ually supplied impulse starts a chain of 
actions that results in switching any de- 
sired measuring element of several hun- 
dred into a measuring circuit, so that 
the magnitude of the pertinent process 
variable may be recorded or indicated. 
In a scanner, a timed impulse replaces 
the manual one employed in the dial 
system. Indicating type dial and scan- 
ning systems equipped with alarms are 
termed “monitors” whereas recording 
types are referred to as “loggers”. 

The development of these systems 
stems from the fact that with increasing 
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complexity and size of processing units, 
the matter of measuring and indicating 
hundreds of miscellaneous tempera- 
tures, pressures, and other variables be- 
comes cumbersome and unwieldy; space 
requirements for indicators and key 
switches become prohibitive. 

In order to cope with this problem, 
Sun Oil Company recently designed a 
scanning system to handle several hun- 
dred temperature points. In operation, 
in order to check the temperature of 
thermocouple number 201, for example, 
the operator simply dials those three 
numbers as he would a dial telephone. 
The system is arranged so that the next 
nine thermocouple points to 210 can be 
checked by simply adding one impulse 
at a time by dialing only the last num- 
ber in the series. 

Illustrated is a scanner-monitor-log- 
ger in which a timed impulse, operating 
in conjunction with the recorder print- 
ing mechanism, initiates a chain of 
action which switches one thermocouple 
at a time into the measuring circuit. 
This switching action also energizes the 
“point” and “bank” lamp on the face of 
the control unit illustrated In this par- 
ticular unit there are nine banks of 
nine points each, a total of 81 thermo- 
couple points. The various switches 
shown along the bottom provide flexi- 
bility in operation. Any bank can be re- 
cycled or omitted, as desired. Printing 
can be continuous, or, by simply throw- 
ing a switch, the instrument can be 
made to print only when the set point 
is exceeded. 
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FIG. 7. Frequency response plot. 
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Direct Product Quality Contro! 


Another significant trend in procsss 
instrumentation is in the direction of 
increased utilization of continuous ana- 
lyzers in the control of petroleum and 
chemical product quality. 

Proponents of the product quality 
control philosophy point to the numer. 
ous benefits attendant to its use, such as 
better control, improved equipment e- 
sign, higher yields and an acceleration 
of research made possible through 
faster, more accurate analyses than sre 
possible by current sample-to-laboratory 
methods. In order to eliminate these 
time consuming sample-to-laboratory 
methods, and their attendant lags, con- 
tinuous analyzers are being utilized in 
control rooms in an ever increasing 
number. This practice provides an ef- 
fective method of controlling composi- 
tion, since a continuous analyzer indi- 
cates a composition change in a matter 
of minutes. 

A mass spectrometer was recently in- 
stalled at the Paulsboro refinery of 
Socony-Vacuum Oil Company for con- 
tinuous analysis of a deethanizer bot- 
toms stream. Concentration of ethane 
was continuously and accurately re- 
corded during a test period of several 
months’ duration. 

Similarly, infrared analyzers have 
been used to determine carbon dioxide 
content of flue gas of a fluid catalytic 
cracking unit and in a host of other ap- 
plications. Continuous density recording 
mechanisms measure per cent conver- 
sion of monomers in butadiene-stryene 
copolymerizations. Continuous testing 
dielectric constant meters determine 
the concentration of aromatics in a mix- 
ture of hydrocarbons, while continuous 
refractometers analyze the composition 
of olefins in a mixture. 


Servomechanism Techniques 


It is evident from the above brief that 
it has been necessary constantly to con- 
sider improvements in control to keep 
abreast of technological expansion. The 
last decade has witnessed extensive en- 
gineering activity in a new approach to 
control problems called “servomechan- 
ism techniques”. 

Before reviewing the background that 
led to this new approach to control 
problems, or delving into its elemental 
principles, consider for a moment the 
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FIG. 8. Schematic diagram showing 
method of bringing quality control into 


the loop. 


(Courtesy Chemical Engineering.) 
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MEASORE MORE... AT LESS COST: 


THE ROCKWELL 
INTEGRATOR 


You gain in many ways by using Rockwell orifice meters. The precision 

engineered, sturdily built mechanism records static and differential 

pressures exactly as they occur. All operating parts are of heavy stainless 

steel .. . made to last! Routine servicing is easier, too, due to the accessi- 

bility that has been built into this design. And with the Rockwell unit 

monometer construction you can interchange the high side chamber 

with other chambers of higher or lower range, thus sparing the expense 

of stocking complete meters. 

You also benefit from the new and exclusive Teflon bearing stuffing 
box that seals bottle tight without lubrication and without binding. 

Wherever you measure large volumes; whatever the fluid, 

whether in plant or field, you figure to measure more at 

lower costs by using Rockwell orifice meters. Write for 

bulletin 1050. It gives full facts on all these money saving, 


Cobeublel CHARTS money earning — 
ITH MACHINE PRECISION 


The operator of a Rockwell integrator mechanically 
computes the total extension of flow meter charts by 


tracing contrasting colored lines over the static and 
differential lines as made by the meter. The total 
Cppears on a direct reading counter, accurate to 
Ya of one per cent or closer. One Rockwell integrator 
will calculate up to 300 average charts a day. 











rv 


promise of benefits it offers to the proc- 
ess industries. The importance of the 
new approach is basically linked with 
the importance of instrumentation itself 
and its relation to improved process de- 
sign. The very reasons that justify the 
use of automatic controls emphasize the 
value of any method that may permit a 
better selection of controls to do a given 
job, or point to process design that will 
utilize fully the capabilities of control 
systems. 

For example, if the petroleum refiner 
finds that instrumentation permits more 
efficient operation of his distillation col- 
umns, he is naturally interested in fur- 
ther studies that will permit even higher 
production rates with still finer quality 
of gasoline and other petroleum prod- 
ucts. In any mass production, continu- 
ous process such as this, the obvious 
dividends from even minor increases in 
efficiency are measurable in millions of 
dollars yearly. 

Previous methods of applying auto- 
matic controls have left a number of im- 
portant plant problems unsolved. The 
process designer still does not have an- 
swers to two big questions with’ respect 
to the use of instruments, namely: (1) 
“How far can I go in cutting plant con- 
struction costs by designing to take full 
advantage of automatic control?” and 

2) “How much can the cost of oper- 

ing the plant be reduced by such a de- 
sign?”. Answers to such questions lie in 
a very exacting and comprehensive 
study of process control by a practical 
method that encompasses all facets of 
the problem—the process, the measur- 
ing element, the transmitter, the con- 
troller, and the valve. 

Servomechanism techniques show 
much promise in answering such ques- 
tions. Perhaps the strongest point in 
favor of them, however, is that at present 
they offer the only practical solution to 
more complex problems, where other 
methods of control analysis and predic- 
tion fail. 

During the last war, techniques were 
borrowed from work on electrical net- 
works and feedback amplifiers to de- 
velop what might collectively be termed 
“servomechanism techniques” for the 
solution of component design problems 
and analysis of over-all system perform- 
ance in this field. 

To servomechanism engineers, the 

‘control problem involves a study of the 
dynamics of an entire system. This “sys- 
tem-engineering” concept embodies not 
only a consideration of the dynamics of 
the process, but also of the measuring 
instruments and control devices. These 
dynamics can be expressed mathematic- 
ally over their entire range of behavior 
in terms of frequency responses. 

A frequency response is a determina- 
tion of the transfer function or energy 
transferring characteristic of a compon- 
ent, determined by observing the com- 
ponent’s response to a sinusoidally vary- 
ing disturbance. 

When a sinusoidal disturbance is in- 
troduced to a component (or process) 
the dynamic characteristics of the com- 
ponent under test determine the ratio of 
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“Volume” on Instrument 
Choice and Maintenance 


The accompanying article by S. D. 
Ross and J. Procopi on the trends being 
exhibited in refinery instrumentation is 
the first of several articles that will cover 
the entire field of the principles and 
methods for selection and maintenance 
of. instruments of all types employed in 
control, recording, and indication of 
the multitudinous details of plant op- 
erations. These authors are chemical en- 
gineers acquainted widely with the oil 
and gas industries and their instrument 
practices and requirements. Their pres- 
entations have the ring of authority and 
represent the most recent developments 
in this major field. 

As the series progresses other authors’ 
works may be introduced especially to 
cover special fields or types of instru- 
ments and to assure the most thorough 
presentation of all phases of instrumen- 
ments and to assure thorough presenta- 
tion of all phases of instrumentation. 

Watch for each. succeeding article in 


this series! THE EDITOR. 











magnitudes of output to input signals, 
while displacing these signals timewise. 
The transfer function or the dynamic 
performance of the component is de- 
termined by measuring the ratio of out- 
put amplitude to input amplitude and 
by measuring the phase shift between 
the curves over a range of input fre- 
quencies. This is shown diagrammatic- 
ally for one value of input frequency. 
From a series of amplitude ratios and 
phase shift angles established by sinus- 
oidal disturbances, the frequency re- 
sponse curve can be obtained by plotting 
amplitude ratio and phase lag against 
frequency of disturbance. These fre- 
quency response curves have a sound 
theoretical basis and are easily manipu- 
lated by those who do not wish to delve 
deeply into mathematics. They are used 
to assist in selecting the type of con- 
troller required and to calculate precise 
controller settings for maximum sys- 
tem controllability. No further adjust- 
ments of these controller settings, by 
trial and error, will then improve on the 
performance of the system. 


Computers 


Coincidental with the increasing ac- 
tivity in servomechanisms is the tre- 
mendous development that is currently 
affecting computing machinery. 

. The layman oftentimes associates the 
word “computer” with several rooms 
full of electronic equipment, a battery 
of automatic typewriters and a team of 
mathematicians whose only purpose is 
to feed the monster with the data upon 
which it thrives. Although there are in 
existence large, high speed, general pur- 
pose computers valued at about one 
million dollars, or one “megabuck”, 
simple computers—slide rules for ex- 
ample—are everywhere in abundance. 

The large electronic digital com- 
puters are becoming increasingly more 
important with expanding engineering 
knowledge. The solution to increasingly 
more complex calculations can be 
reached with electronic aids, thus re- 


lieving the engineer of this time-cov- 
suming function. 

Digital computers, for example, cz 
be used to quickly and accurately mak: 
difficult calculations required in desig::- 
ing distillation towers for multi-cor:- 
ponent systems. Other engineering cz:- 
culations related to design of unit o»- 
erations such as absorption, extractio:.. 
and drying can similarly be effected o: 
computers of this type 

Digital computers also offer very iv- 
teresting possibilities for future proce-s 
control. It has been suggested that a 
special purpose digital computer which 
resets control after scanning a measured 
variable could provide process control 
of a high degree of accuracy. Although 
this idea seems plausible, the possibility 
of its practical application in the near 
future is a remote one. 

Nevertheless, computers eventually 
may play a significant role in automatic 
control. Of course, present day pneu- 
matic controllers are computers, and 
more specifically, analog computers, by 
definition. However, as the name im- 
plies, the function or physical quantity 
operated on is analagous to the original 
signal, and as such is related only in- 
directly to the actual dynamics of the 
process being controlled, and to quality 
factors in the product. As discussed 
earlier, servomechanism techniques sup- 
ply the answer to the question of how to 
tie in the dynamics of process and in- 
struments. The computer, on the other 
hand, may be the means of bringing 
quality control into the control loop. 

A suggestion has been made as to how 
this may be accomplished. As shown 
schematically, product viscosity, which 
is closely related to product quality, is 
measured and returned to the control 
loop. Process variables of temperature, 
pressure and ratio of materials are con- 
trolled by conventional instruments. The 
computer is used to interpret the quality 
measure in the light of process dy- 
namics, and, in turn, establishes regula- 
tion over the various process variables. 

Whether this mating of conventional 
direct product quality, servomechanism, 
and computer techniques will one day 
represent the ultimate form in process 
instrumentation can not be predicted, 
with any degree of accuracy. Neverthe- 
less, from a study of the past progress 
of instrumentation, one can safely con- 
clude that, regardless of its ultimate 
crystallization, instrumentation will con- 
tinue its parade of progress through a 
catalysis supplied by processing devel- 
opments. 


- 
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= Autofining process* operates at 
pressures of 50-200 lb gage and at tem- 
peratures of 700-800 F and makes use of 
of a very stable sulfur resistant catalyst 
that has a long life. The catalyst is re- 
generated periodically, the on-stream 
period varying with the boiling range of 
the feed stock. A small amount of gas, 
consisting mainly of hydrogen, is pro- 
| duced in the process and this is recycled. 
No hydrogen manufacturing facilities 
are required. A wide variety of feed 
stocks can be effectively desulfurized, 
) ranging from natural and straight run 
gasolines through naphthas and kero- 
sines to gas oils and light diesel fuels. 
Sulfur removed from the feed stocks is 
largely converted into hydrogen sulfide. 
The products are of good color and 
odor and are very stable. They need no 
subsequent refining treatment. The 
yields of liquid products obtained are 
99 per cent plus by weight or about 
100 per cent by volume. A 350-bbl per 
day pilot unit has operated for some 
time. A 3500-bbl per day unit is build- 
ing at Llandarcy, Wales. 

Straight run gasoline and naphtha 
feed stocks having ASTM End Points of 
up to about 400 F can be almost com- 
pletely desulfurized by this process, and, 
at the same time, the octane number is 
raised by 2-3 numbers and the lead 

response considerably improved. With 

these feed stocks catalyst on-stream 

periods of 800-1000 hours between re- 
) generations can be employed. Typical 

results on Middle East straight run 
! gasoline and naphtha are given in 
Table 1. 

Kerosines are also almost completely 
desulfurized by the Autofining process 
;' and catalyst on-stream periods of about 
é 400 hours between regenerations are 
, easily achieved. Of particular value for 
certain markets is the improvement in 
burning properties (i.e., char value) ob- 
tained. Pilot plant results on a Middle 
East kerosine are given in Table 2. 

Straight run light gas oils (i.e., high 
speed diesel fuels) may also be desul- 
furized. The degree of sulfur removal 
is lower.than with lighter distillates but 
in the case of Middle East crudes, gas 
oils of 0.75 to 1.0 per cent sulfur con- 
tent can be desulfurized to the extent of 
60-70 per cent with catalyst on-stream 
periods of 200 hours. Typical results are 
revroduced in Table 3. 


*This Process is covered by patents or patent 
apvlications in all major countries and is avail- 
able for licensing by Anglo-Iranian Oil Com- 
Pany Ltd., Britannic House, Finsbury Circus, 
London, E.C, 2, England. 
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THE AUTOFINING PROCESS 


In some refinery situations it may be 
more desirable to desulfurize a long dis- 
tillate and fractionate after processing 


New catalytic desulfurization process developed by Anglo-lranian Oil 
has been proved in pilot plant—commercial unit under construction 


rather than desulfurize separate prod- 
ucts after fractionation. Results obtained 
when processing long distillates from 


THE PETROLEUM ENGINEER, July, 1952 








TABLE 1. Autofining of Middle East straight run gasoline and naphtha. 


























Straight Run Gasoline Naphtha 
pA ears roe 99.5 99.7° 
OS Ee 99.1 98.4 
Catalyst on-stream period, hours................. 800 400 

Feed Product Feed Product 
Speen GN OOD... oe scesecsasvessenssoes 0.6957 0.6995 0.7800 0.7788 
Sr tethers meen a 71.9 70.8 49.9 B 
Distillation 

RINE Mean 2c aust gapaaeaceauhas 81 78 298 284 
Se een 104 102 308 303 
_ SS eerste 116 112 312 307 
Re I I in 0.5 00.00.0500 cue ciesoce-neeece 200 200 332 329 
nen 269 270 369 369 
NE inicinviacascasicesscseseabaaes 299 300 403 408 
cing s cine eaneus nbaseetioos 0.081 0.0007 0.116 0.0019 
Octane Number (Motor)...................0000- 60.0 62.3 —_ — 
Octane Number +1.5 ml TEL/IG................ 69.0 75.0 — —_ 
Octane Number +3.5 ml TEL/IG................ 75.0 81.0 — — 
Ss 5.5 gs wore adewobie-eeieeins6wieerceiae ca. 20 3 ca. 20 +26 
Ey 5i5is-\ <aisre siewibais vichioh sisisuiesienisioiens Positive Negative Positive Negative 
ER SR eee ae Positive Negative Positive Negative 
TABLE 2. Autofining of Middle East kerosine. 
I io. innacsnbek0des-swcewavateunwOnmawsan 99.5 
ek oa cginwakapeniononea die to@anchesaea eames 98.0 
Catalyst on-stream period, hours...............cccccecceecvcveecs 400 
Feed Product 
RIE 5 5's.0<cogap bins ae enuaen case oecwesanbeeaens 0.7985 0.7981 
I ig ooo sio sag Nas ao neamnacmcaveceumasOte aaaeeee 45.7 8 
Distillation 
a a isc ules nisin oaleers Gua ecko eae wR ROS 336 329 
Ee icicc cian ip dacasbenwtwntecaansseeeecnnoee 352 345 
in cc 'h i anc sare eg CaGae REAR Ree EROS bis 365 363 
eg 5 356i cas SRV e Son PARRA RR Ee ORR EER RROC oie 404 404 
ooo /aog 5 cts 'a his cattle Series ema eiee 446 448 
End Nc ccwwiccucicariacedensekuademseUeesastenmeains 471 47 
aka era is wa’ ic adv alc WA. 5 hava AN CE Neo en 0.180 0.004 
ns ana acasdige cake @ Bicarel. Sak RK 0.016 0.001 
I BA oe cada ca canncnscneckashsantteceseem bi Raaeren +15 +17 
Ck och alec gctonsal ene asec araviicewauheet aks 126 106 
Rea eiclsta oe ki dwg vores: is-x ena ea sn Gals sins Ss a ianteee owas Poor Good 
ears cua ed oi vin eb Bie wot sino bios se COU eR ION Positive Negative 
SES eke cnn anne 25 26 
Burning test (Institute of Petroleum) 
NN ann. cc can Ga-dtarn a sind oa Cae aan eemawaueene 20.6 20.1 
tts EE EES Pee 28 14 
IIIS 5.55 <iein'5 6.550050 e caKunwenneneeaheunee Greybrown film. Very faint grey film. 
TABLE 3. Autofining of Middle East virgin gas oils. 
a I RM neck ans onc su dneeawdcsdequeeeeeSerwenscos 99.1 
Sulfur removal %..... Lia Ruab evan es snc henieusmtsemak eens 70.0 
Catalyst on stream period, hours..................cccecevccecees 210 
Feed Product 
IIIT «36. +-5-s-<:s:cwible Baiaie ero bie pao wore woke eramS aie 0.854 0.849 
I Ab p50 acs-:s' gs Kaw 8s warn eemeeenaniee name esie 34.2 35.2 
Distillation 
NE eno os ovis wav cin guided ves Rknea mane a texeaieons 459 ; 248 
on c's che ein Carsiees ev a Sebi WERT OR RAW 520 505 
eo choy cudite ea ead ed Moen waa eee GNE 561 556 
es aaa cu \asns eos Sis wba GAs SR EE Ca 619 612 
in ela Rese irbete Re Re 662 662 
SF iiag vo tn 4-45 654 eo bons ¥4.404S ERE NERC Pee 1.00. 0.30 
og in i SHENG ERSRE SERS DORIS ES Bins ORES 55 55 
| TEST TE EOLA LL LM Se Pe es 160 160 
Carbon Residue (10% bottoms) %............ ccc cece ccc cccccecce 0.11 . 0.11 





—— — 


Note:—The above inspection data refer to the total liquid production that contains a very small quantity of light ends. Re- 
moval of these light ends is easily accomplished in a simple flashing operation to give a product meeting specification flash 
point requirements. 
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TABLE 4. Autofining of long distillates from Middle East and Slaughter 
(West Texas) crude oils. 





eo. din dis od vewdssir dudwipien om Middle East Crude Slaughter Crude 
Cut on Crude T.B.P., deg F............000.00005 212-662 deg 203-662 deg 
Yield of Product % wt. on Feed.................. 99+ 99+ 
AT EI args, cee 84.5 84.9 
Feed Product Feed Product 
Specific Gravity, - asian atelevaekevatheaee 0.8005 0.7975 0.8285 0.8220 
I i 45.3 9 39.3 40.6 
Distillation 
AS on bbe acme aedave tan 193 — 255 243 
ere eee mee 249 — 302 291 
tn on ne lh win ax paecee ee ee 407 _— 448 437 
ae cal cedacieeheavensctucstes 594 _ 604 590 
SEITE, .,..0-..- cao cecassecnadecesss« ~ 639 626 
nn oe eesietawrese 0.387 0.06 1.15 0.174 
Naphtha Fraction 
EE Sy Lee a ee ae 1.B.P-356° 1.B.P-356° 1B. tad 1.B.P-356° 
a inn, ou wis wiu ede plbaark oboe 60> 34.8 37.9 31. 
Specific RE Otte 0.7585 0.7600 = 7808 0.7785 
ans ac cdleseawasedWokan edo 52.6 54.7 49.8 50.3 
Distillation 
a i 207 199 232 239 
EER T RN TERE 279 276 289 289 
nd Seer ee ae 367 361 369 363 
a ss a Rinebs clawed en 0.081 0.002 0.302 0.0025 
OE EE Se ere re _ 97.5 — 99.2 
Octane Number (Motor)...................... = 45.0 47.6 52.0 
Kerosine Fraction 
ER a a 356-482° 356-482° 356-482° 356-482° 
ee rea cate daseaduaetcrieeehen 35.7 34.3 25.3 28.4 
5 eae 0.8085 0.8075 0.8180 0.8170 
in ca och neue ae nenaencedeecd 43.5 43.7 41.5 41.7 
Distillation 
a «chia eeoanininonaninn 372 376 388 379 
BU MMRMNORE TD, ..occccccecescccevecevas 418 417 415 412 
si dae e vaeenehesnaaekede 475 484 . 459 
ee a on ie owe cn winiey was 0.243 0.015 0.694 0.057 
a oc asd buna'eanvmennine “= 93.8 _ 91.8 
Gas Oil Fraction 
aor cache Sew eaRechidtnwnedighes 482°-+- 482°+- rt 482°+- 
iit nk one cemwicee et baeehesen 29.5 27.8 4.6 40.0 
NIUE, vcccetcnccevacscessvess 0.8410 0.8440 8720 0.8635 
onc awh enngacetndosnesduxaees 36.8 36.1 30.8 32.4 
Distillation 
sie ed nn dees bial maces 509 507 520 514 
SIMARD occ ccccccacevedacéseses 549 541 568 560 
EROS PE ne: Ter ae 655 639 664 658 
CO MORSE. BER 0.89 0.23 1.79 0.384 
TE ccc cdncenstevhebscataweeues _ 74.2 — 78.5 
ES. ces bases vcinedesdeeennakenan _ 59 46 48 








TABLE 5. Autofining of aromatic SO, extracts. 














Extract from Middle East Extract from Middle East 
aphtha Kerosine 
RG oo wcvcicvecccssensccseves 97.5 97.0 
a wigin tween eneewe 98.6 92.5 
Catalyst on-stream period, hours................. 200 200 
Feed Product Feed Product 
Specific Gravity, 60 F...............ceeceseeeees 0.836 0. 835 0. 869 0. 864 
Ge oo ec caneshoaveheawnnewe 37.8 38.0 31.3 32.3 
Distillation 
RESET areuere nena Seer 239 230 311 286 
SL Aci cccnassanecannaeiaeeai tine’ 246 243 329 318 
coda cauburecugoaepuessesis 248 246 338 327 
Zp at dex F 264 261 372 369 
90% at deg F............... 293 291 451 451 
Sihetin’. 325 327 489 496 
Octane Number (Motor) 85.3 87.2 a — 
Aromatics, % wt............ 78.1 76.2 75.5 73.8 
TE So. cianscnsephenncenkeupnbess +15 +27 0 +22 
ash cuasiahigomebestans 0.295 0 0.692 0.052 
Middle East and Slaughter (West 150 lb steam 6600 lb per hour (net) 
Texas) crudes in this manner are given Cooling water 30,000 Imperial gal- 
in Table 4. lons per hour 
Other materials that may be satis- Fuel 25 million Btu per hour 
factorily desulfurized by the Autofining —_ Electric power 10 Kilowatts 


process include the highly aromatic ex- 
tracts obtained by the solvent extraction 
of gasoline and kerosine fractions. (See 
Table 5). The process is not normally 
applicable to residual fuel oils contain- 
ing asphalt. 


Utilities Requirements 
The expected consumptions of utilities 
in the 3500-bbl] per day commercial unit 
now being erected at Llandarcy are 
given below: 
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In this plant the recycle gas compres- 
sor is steam driven and steam is gener- 
ated in a waste heat boiler. 


Investment Costs 

The 3500-bbl per stream day commer- 
cial plant built in 1951 will have a total 
erected cost within battery limits of ap- 
proximately $700,000. Of this total cost, 
materials including common building 
materials, drafting, engineering, pro- 
curement and contractors’ overhead and 
profit, will amount to $550,000. * * * 


PLANT AIDS 
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improving Wax Filter 
Scraper Blades 

Wires which hold down filter pads on 
rotating wax filter drums wear grooves 


in the faces of the scraper blades which 
remove the wax from the filter continu. 









FILTER PAD FILTER PAD 
STRAIGHT 
SCRAPER 
% IN. BLADE 
BRONZE BEND 
SCRAPER PARALLEL FILTER 
BLADE TO PAD DRUM 
FILTER 
DRUM 
NEW METHOD OLD METHOD 


ously. The blades then drop closer to 
the pad and cut holes therein, necessita- 
ting too frequent or premature wear-out 
of the pad and its replacement. By bend- 
ing about 34-in. of the rubbing edge of 
the blade to a position parallel to the 
face of the pad (tangent to surface), 
the scraper has 34-in. of wear surface, 
instead of 1/16-in. or less, lengthening 
greatly the life of each filter pad, and of 
each scraper. 


FRED E. DAVIS 


Mechanical Seals 
Instead of Packingst 


Leakage from stuffing boxes on 12 
cooling water circuits for I-R gas en- 
gines necessitated repacking these 
pump glands every six weeks. A fabri- 
cated mechanical seal was placed on one 
pump experimentally, and it served for 
90 days (three months) without any in- 
terruption due to the seals; later these 
were installed on all pumps. Formerly 
repeated tightening of glands caused 
shaft replacement each two years, a mat- 
ter which is minimized by the use of 
mechanical seals. 


G. P. KNUDSON 


Sling for Removing Gas 
Engine Valve Housingst 


A metal sling or frame is made to fit 
around, and bolt to the flanges of valve 
housings on Cooper-Bessemer gas en- 
gines; these valve housings are located 
in the pit beneath the engine. This ar- 
rangement enables the operator to ex- 
tricate the 800-lb housing by chain 
hoist from the traveling crane without 
difficulty, with an operation otherwise 
extremely difficult in most cases. Such a 
frame or sling will cost about $50, and 
in one case saved several times that 
much in reduced manhours of labor. 


W. J. GIBBS 


” ¢These plant aids submitted through courtesy 
of the Humble Oil and Refining Company’s 
Coin-Your-Ideas Plan. 








POWELL gives 


you flow control 
at its best! 
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DESIGN OF GASOLINE PLANTS 


PART 6—SELECTION OF PIPE FITTINGS 


O. L. LEWIS* 


Tue piping-system is no better than 
the fittings used. The piping-layout is no 
better than the judgment used in the 
choice of these fittings. Most of the an- 
swers needed for fitting selection are 
available by the time the pipe is selected. 
The final choice then, is dependent upon 
layout requirements, design require- 
ments, economics, and judgment. 

Welding fittings are made in tees, re- 
ducers, caps, and ells. The dimensions 
of standard fittings are uniform. Tees, 
reducers, and caps are much the same 
from all manufacturers. Long and short 
radius, 45 and 90-deg ells are standard 
with all suppliers. Then there are sev- 
eral special designs of welding ells for 
specific applications. The reducing ell, 
long-tangent ell, and extra-thick ell are 
examples of these. 


Welding Tees 


Welding tees were developed to re- 
duce welding layout time, to reduce line 
loss due to friction and turbulence at 
line junctions, to provide necessary 
branch reinforcing without the addition 
of separate reinforcing pads, and to 
improve the appearance of branch-take- 
off points. They do all of these in a pip- a Ls 
ing-system. But to gain these advan- u 
tages, some additional cost may be in- Three weld mitre ells are used here in the cooling water 
volved. In every plant, it is necessary to line. Saddle weld branches are used to make up headers. 
balance the additional pressure-drop 
and the cost of welded branches, against 
the smoother flow, better appearance, FIG. 1. Limiting pressure for 90 saddle welds, Schedule 40, Pipe Grade A 
and cost of welding tees. The actual in- 18000 fibre stress at 100 F 
stalled cost is easier to evaluate than Header 
the future cost of pressure-drop. So the 218 216.287. 375 
installed cost is usually the basic factor in an 6 12 
to look at. The pressure-drop and ex- ; 1525 1050 950 $00 
ternal line-stresses become deciding fac- = a. on sv 
tors only when the economic picture is _— a 
known. . eee eee eee 
Fig. 1 shows the limiting pressures for 
stub-ins of different size branches to 
varying header sizes. A branch welded _ 
into the side of a header reduces the 
strength of the header. The ASA code 
specifies the reinforcing required to 
compensate for the lost strength. The Area available for reinforcing-Ai+-A2+As 
branch weld itself may be enough rein- 
forcing for low-pressure lines. An added 
reinforcing-saddle is required for higher Thickness reg'd. for internal press plus corrosion 
pressures. The required reinforcing may 
be calculated and added in the form of The values tabulated above are theoretical max- AR=IDB x ti 
a formed plate, or a forged welding-sad- = mum due to stress from internal pressure. It is Ay =(1.4 x t)? 
*0. F. Braun and Company. i, a? : recommended that 14 this value be used as a Ao=5 x (tB2)* 
maximum when line movement or other external As=IDB x tz 


E X Cc L U S IV E -_ stress is to be provided for. Ai+A2+A3>AR 











Area to be replaced-Ag 
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dle made for the purpose, may be used. 
The calculation and sizing of a plate 
takes time. The cut and fit of the plate 
takes time in the field. When both these 
factors are considered, the forged weld- 
ing-saddle is always cheaper in normal 
pipe sizes than a hand-made pad. 

Fig. 2 shows comparative costs of 
stub-ins, saddle reinforcing branches, 
and welding tees. These costs are based 
upon size-to-size lines and upon the 
actual cost in one shop. Field welding 
costs are normally higher than shop 
costs. And, when the branch is a smaller 
size than the header, and a reducer is 
required if a tee is used, the picture 
changes again. 

The main application for the un-rein- 
forced stub-in is on waterlines, fuel-gas, 
low-pressure steam, and process lines of 
nominal pressure, not subject to pulsa- 
tion. When un-reinforced stub-ins are 
used, the stress due to line expansion, 
should always be checked. Many times, 
the stresses due to pipe expansion, will 
require reinforcing even if the stress 
due to internal pressure, is well within 
design limits. 

Stub-ins reinforced with forged weld 
saddles are acceptable in all pressure 
ranges. Due to external line stresses 
that are difficult to determine, even sad- 
dle reinforced stub-ins may be limited 
to lines using 600-lb flanges, and are 
very seldom used in the pressure ranges 
requiring 900-lb or greater flange 
ratings. These limits are particularly 
applicable to field-fabricated piping. 
When branches are shop-fabricated un- 
der welding control and inspection, and 
properly tested, there is no pressure 
limit on the reinforced branch. Of 
course, the pressure-drop is still just as 


great as it is for the un-reinforced stub- 
in. Line stresses due to expansion, are 
well distributed and the saddle rein- 
forced connection is just as good as a 
forged tee in this respect. 

Welding tees are still the best answer 
for all high-pressure lines, all pulsating 
lines, and all lines where pressure-drop 
is critical. 

Fig. 3 shows the comparative costs of 
welding tees of different size and thick- 
ness. This chart shows how rapidly the 
cost of welding tees increases as the 
thickness is increased. 


Elbows 


There are three common ways of 
changing the direction of a line in 
welded piping. The weld-ell, the welded 
mitre-ell, and the bend. Pressure-drop, 
allowable stress, appearance, and eco- 
nomics are the factors considered in 
choosing the method of changing direc- 
tion. 

Pressure-drop adds very little to orig- 
inal cost, but it increases operating 
costs for the life of the plant. If enough 
cumulative pressure-drop is built up in 
design, larger compressors and pumps 
are required, and then the initial cost 
would also be increased. Actually, it is 
difficult to compare installed cost and 
long-time operating costs. The operating 
cost is always indefinite. Judgment 
then, is the basis for evaluating the 
overall economics of highcr or lower 
cost of original installations. 

The Tube-Turn Company, in its Cata- 
logue 111, show a graph of pressure- 
drop for varying radii of bends. From 
that chart, we see that the equivalent 
straight pipe-length in pipe diameters is 
75 for mitre elbow, 18 for 1-diam radius 


























Pipe Fittings 


elbow, 12 for a 114-diam radius elbow, 
9 for a 3-diam radius pipe-bend, and 12 
for a 5-diam radius pipe-bend. There we 
see that the forged elbows and pipe- 
bends are right in the same ballpark as 
far as pressure-drop is concerned. The 
pressure-drop in the mitre weld-elbow is 
over 6 times as great as in a 114-diam 
radius forged ell. 

There is stress in any operating pip- 
ing-system. When the system is subject 
to temperature variation, that stress cun- 
centrates in reduced sections and at 
changes of direction. As the radius of the 
change in direction is reduced, the unit 
stress at the corner is increased, and 
the resistance to bending is decreased. 
There is a variety of data available on 
stress-intensification factors, applicable 
to varying bend radii. Each method of 
piping flexibility analysis has some 
method of taking this factor into con- 
sideration. 

A paper, Fatigue Tests of Piping Com- 
ponents, by A. R. C: Markl, gives results 
of fatigue tests on piping components. 
Mark] takes the fatigue life of a weld- 
ing elbow as 100 per cent. On that basis, 
the life of a single-weld mitre-elbow is 
3 per cent and the double-weld mitre- 
elbow 19 per cent. The tests were made 
on 4-in. elbows. These results emphasize 
the dangers of mitre-weld elbows in 
lines subject to any type of recurring 
pulsation. 

Appearance is a factor in a piping- 
system to almost the same extent that it 
is a factor in choosing an employee or 
a girl friend. Economically, appearance 
is an indefinite quantity. But certainly, 
it is worth something to have an installa- 
tion that is pleasing in appearance and 
that one can look at and be proud of. 
Some lines are insulated and the type 
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Bends and weld ells are each used to advantage from both 
design and appearance standpoints in this recycling plant. 


With all the indefinite factors con- 
sidered, we get down to the actual basis 
of fitting selection—economics. The 
original cost of the installation is the 
basis to which we add and deduct the 
other factors. 

Fig. 4, shows the relative installed 
cost of mitre weld-ells, 5-diameter bends 
and weld-ells. The prices are for com- 
parison and do not necessarily reflect 
the actual current cost of materials. 

Now looking at all the factors dis- 
cussed, we can generalize on the appli- 
cation of the various fittings. The orig- 
inal cost of the mitre weld-elbows is 
usually less than either of the other ells. 
The pressure-drop is greater, the ap- 
pearance is not as good. Stress-intensifi- 
cation decreases as the radius of the 
turn increases. 

Mitre weld-elbows have a definite ap- 
plication. They are satisfactory and 
more economical for insulated or buried 
lines where pressure-drop is not critical, 
and where vibration or line movement 
does not make the concentrated stress 
a disadvantage. Bends are applicable 
when they are desirable from an ap- 
pearance standpoint, when required by 
flexibility considerations, and where 
layout of piping and equipment make 
the necessary room available. 

Weld-ells are satisfactory for all in- 
stallations except where erosive flow 
conditions or excess stress, due to line 
movement governs. The weld-ell is a 
standard item, easily stocked and readily 
available for installation. That’ is many 
times an advantage over bends that are 
special orders. The appearance is good, 
the installation simple, and the pres- 
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sure-drop is low. The safe practice is to 
use weld-ells as a standard basis of ap- 
plication, and go to mitre-welds and 
bends only when special conditions 
justify the change. Short radius weld- 
ells were originally standard and the 
114-diam radius was special. Now the 
tables are turned. The short radius is 
special. It is for use where space re- 
strictions prevent the use of long radius. 

The reducing elbow is becoming more 
popular in the industry. Price-wise, 
there is little if any advantage in using 
the reducing ell. They are a special fit- 
ting usable only in a specific location. 
They are the answer for use on pump- 
suction lines at the pump. They are cer- 
tainly worth buying specifically for that 
application. There is little if any saving 
in cost, but the reduced turbulence and 
pressure-drop are important at the inlet 
to a pump. 

The long tangent-elbow is a specialty 
with some manufacturers. Several ad- 
vantages are claimed. Practically speak- 
ing, there is little reason to specify this 
elbow. Occasionally, a short dutchman 
and the extra weld can be eliminated, 
using this type of ell. That is its main 
application. 


The extra thickness weld-ell is an- 
other specialty with a limited field of 
application. This fitting is standard in 
every respect, except the wall at the 
back of the turn is substantially thicker 
than a standard weld-ell. This added 
thickness is an advantage when streams 
of an erosive or corrosive nature are in- 
volved. It means longer life for the pip- 
ing-system under these conditions. 

All welding fittings are not seamless. 


COST IN DOLLARS 
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The welded ones are tested and proved 
to be as strong as the pipe to which 
they attach. But, all codes and all com- 
panies do not accept them as the equal 
of seamless fittings. If seamless fittings 
are required, the word seamless must 
appear in the specifications. 
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WRITE FOR 
YOUR COPY 


This useful book, replete with 
pictures, graphs and charts, 
contains specific information 
on Kaylo Heat Insulation, 
including characteristics... 
efficiencies . . . recommended 
thicknesses ... and applica- 
tion data for pipes, vessels 
and flat surfaces. For your 
free copy of this book, write: 
Dept. N-251, Owens- Illinois 
Glass Company, Kaylo 
Division, Toledo 1, Ohio. 


















KAYLO ... first in calcium silicate 
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of Heat Insulation 
trom This New Book 


Kaylo Heat Insulation is a hydrous calcium 
silicate—the heat-saving material that is 
revolutionizing insulation practice with its 
outstanding combination of advantages. 








To obtain more information on preducts advertised see page E-41 C-37 


Pipe Fittings 










































































In this gasoline plant, weld ells and mitre ells are used side by side. The 
importance of the appearance factor in fitting selection is apparent in this picture. 


Flanged Fittings 

Cast-iron and cast-steel flanged fittings 
have a definite place in the piping 
scheme. Cast-iron flanged fittings are 
made in three classes. The 25-lb and 
125-lb are identical in dimensions, but 
the thickness and bolting differ. Both 
are manufactured with a plain face. The 
250-lb cast-iron fittings have a 1/16-in. 
raised face. Water and low-pressure 
steam are about the only services in a 
gasoline plant where cast iron can be 
considered. The fittings are cheap, but 
when the cost of welding companion 
flanges is added in each instance, there 
is little if any saving, over a welded as- 
sembly. They are economical to use in 
close manifolding where the flanges are 
required for installation or future con- 
nections. Cast iron should never be used 
in a line subject to shock. It should not 
be used in any area where there is 
danger of fire. If the cast iron is hot, a 
fire-water stream may cause it to crack. 


Cast-steel fittings are available in all 
ASA ratings from 150 lb to 2500 Ib. The 
facing and bolting is the same as for 
forged steel flanges. It is advantageous 
to use cast-steel fittings when the flanges 
are required for piping assembly or 
maintenance. Cast-steel fittings are suit- 
able for the same services as welding 
fittings. If only a few cast fittings would 
be needed on a job, it is probably more 
economical to use welding fittings and 
flanges instead. Thus the cost and 
trouble of finding, buying, shipping, and 
keeping up with one or two special items 
is avoided. 


Welded vs Threaded 


Not too many years ago, threaded 
fittings were used for all applications. 
The advantages of welding were quick to 
become apparent in the larger sizes. 
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But, there was still some reluctance to 
go to welding in smaller sizes. Only a 
few years ago, many construction super- 
intendents would make a flat statement 
that welding fittings were cheaper for 
lines 2 in. and larger, but threaded were 
the most economical under 2 in. Today, 
not so many people are so sure. The de- 
velopment of socket-weld fittings has 
had a lot to do with this change in atti- 
tude. 

Fig. 5, shows the relative cost of 
threaded fittings, threaded fittings back- 
welded, butt-welding fittings, and socket- 
welding fittings. Again, the original cost 
is not all of the story. The records in one 
plant show that after all construction 
work was completed, additional work 
amounting to 15 per cent of the original 
cost of the screwed lines, was necessary 
before all leaks were stopped at the 
threaded joints. Then of course, there 
are still other threaded joints left that 
may develop leaks in the future. 

Charles Schatt, in a paper on Com- 
parative Cost Data of Screwed Versus 
Welded-Pipe, in 1949, shows that the 
break in labor time is actually between 
2 and 3-in. sizes. Schatt also points out 
that the slight additional cost for welded 
lines under 2-in. size is definitely justi- 
fied when the time required to make all 
screwed joints tight, is considered. Com- 
parative costs taken from other jobs in 
1951, indicate that the original installed 
cost of welded- and screwed-joints, at 
today’s prices, is about a stand-off. 

Then looking at the installed cost 
alone, the welded joint is justified in all 
sizes. Here is the only catch left. 
Flanged-valves and flanged-nozzles are 
definitely more expensive than screwed- 
valves and threaded couplings. And, this 
cost must be considered in the overall 
piping cost. On the basis of today’s 
figures, welded and flanged lines, 114 















in. and larger are the most econon:ical, 
Lines 1-in., 34-in., and 14-in., are ore 
economical with socket-weld fitt'ngs, 
screwed valves, and screwed connec‘ ions 
to apparatus and equipment. Obvicusly, 
galvanized lines must still be thre:ded 
and screwed. In some plants, there are 
local conditions that may throw the bal- 
ance of cost between threaded and 
welded, in sizes 14-in. to 114-in. in the 
opposite direction. And personal prefer. 
ence is still a factor. The factual »asis 
for the selection of small fittings is ‘ere, 
The intangibles must be left to the in. 
dividual. 


lron Fittings 
All of the foregoing discussion is 
based on forged-screwed fittings. One 
hundred and fifty pound and 300-lb 
malleable-iron fittings should be men- 
tioned too. The 150-lb malleable-iron 
screwed fitting is a light-weight item. Its 
use should be restricted to small water 
lines and instrument air, the services 
that are normally galvanized. The 300-lb 
malleable iron is a heavier fitting, but 
the cost is right in line with forged steel. 
We would not want the iron in any 
process line, so the possibilities are util- 
ity air and steam services. If we have a 
lot of piping in this class, we can save a 
little money. But if there are not many 
lines involved, again it is better to stay 
with the steel specification throughout. 
When there are iron fittings on a job, 
there is always the chance that a pipe- 
fitter will use one in a critical location 
where it does not belong. It is worth 
something to avoid this possibility. 


Service Recommendations 


Every plant is built and operated by 
people with different experience in their 
background. And the factors involved in 
piping specification are not always 
evaluated the same. Construction and 
operating practices have a definite bear- 
ing on specific fitting applications. For 
those reasons, it is impossible to set 
up a specification that will hold without 
question on any plant. 

In general, the following recommenda- 
tions are good practice in any plant. 

1. Galvanized malleable-iron screwed 
fittings for instrument aid and domestic 
water. 

2. Replace black-line couplings with 
forged-steel couplings. 

3. Use forged-steel screwed fittings on 
critical service 4%-in. and 34-in., when 
piping may have to be removed periodic- 
ally. 

4. Use forged-steel socket-welding 
fittings 34-in. and l-in. for all process 
and high-pressure steam services. 

5. In 114-in. size, use socket-weld or 
butt-weld depending upon construction 
practice. 

6. In sizes 2 in. and larger, use butt- 
welding fittings, except that branches 
and tees may be saddled and reinforced 
in sizes where this ‘practice is eco- 
nomical. 

7. Avoid special fittings where only 
one or two of a kind are required. 

xe 
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WEW ANAETWEECAEL METHODS 


The Training of Analysts 


JOE F. WOOD 


Tue results to date, of the NGAA frac- 
tional analysis survey samples indicate 
not only a wide divergence in results 
on samples of known composition, but 
more positively point to the operator 
and supervisor as being the cause of 
this divergence. Lack of training, there- 
fore, is the major contributing factor. 
When operators do not realize the sig- 
nificance of very minor errors, and are 
not conscious of the multiplication fac- 
tor of 120,000,000 that expands an aver- 
age laboratory gas sample.to a 60,000,- 
000 cu ft per day plant, then actual 
money leaks begin to develop. Costly 
errors resulting in mis-designed plants 
and poorly operated plants are the re- 
sult. Analysts must be trained to stop 
this supposedly “fact-founded” series of 
errors. Henry Beeson (Magnolia Petro- 
leum Company—Dallas, Texas), at the 
NGAA Fort Worth Seminar, covered 
some of the major analytical pitfalls in 
plant design and operation. Table 1 
expands these figures to the 60,000,000 
cu ft daily basis of the data now being 
considered. The figures presented in this 
table are not fanciful, nor imaginary. 
They can happen in your laboratory, 
and probably do. 

Exactly how much of an error is sig- 
nificant? Table 2 is based on an error 
of mis-reading the pressure on a stand- 
ard three-liter receiving flask by 1 mm 
of mercury. A total error in actual gas 





TABLE 1. 





Construction cost: 
Change from 10 in. vacuum to 10 Ib. pressure. 
Gathering system................. $ 72,000 
SING 5 4c v so seweeece wens i 
Operation: 
0.5 GPM error on propane content 
ois tek ios mexipinncad 000 per year 
0.1 GPM error pentanes eet in residue ios’ 120 per year 
10% Iso-butane in 26 Ib gasoline......... 18,000 per year 
0.5 Mole per cent error in pentane content 
of 80,000 gal daily delivered gasoline.. 4,500 per year 


Basis: 60,000,000 cu ft daily. 








TABLE 2. Error 1 millimeter mercury 
pressure in 3000 ml receiving bottle 
(nominal capacity.) 


Unit Gallons per theusand SCF. 


Sample Iso- N- 

size Propane butane butane PentanesHexanes 
6,000 ml.... 0.0162 0.0186 0.0182 0.0211 0.0300 
8,000 ml.... 0.0121 0.0140 0.0137 0.0159 0.0224 
10,000 ml.... 0.0097 0.0112 0.0109 0.0127 0.0179 
12,000 ml.... 0.0081 0.0093 0.0091 0.0106 0.0149 
14,000 ml.... 0.0069 0.0080 0.0078 0.0090 0.0128 
16,000 ml.... 0.0061 0.0070 0.0068 0.0079 0.0112 
18,000 ml. -»- 0.0054 0.0062 0.0061 0.0071 0,0099 








jPresented at the NGAA meeting, Houston, 
Texas. 
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volume of 3.48 ml at 60 F and atmos- 
pheric pressure. (These data based on a 
nominal 3-liter receiving bottle, and not 
actually 3000 ml). Obviously the actual 
significance of the error is tied to the 
size of the sample and the product be- 
ing fractionated overhead. Expand this 
error into a 60,000,000 cu ft daily nat- 
ural gasoline plant as in Table 3. Cumu- 
latively, this 1 mm error, recurring in 
the propane, butane, pentanes, plus 
type of analysis (and then only once per 
fraction) amounts to $25,326.50 per 
year. On the propane, butane, iso-pen- 
tane, N-pentane, Hexanes, plus type 
analysis (still occurring only once per 
fraction), this insignificant little error 
amounts to $59,692.64 per year. These 
estimates are based on the largest indi- 
cated sample (approximately a 5-gal 
bottle of gas), thus actually represent 
almost the minimum error. You can af- 
ford to train your analysts. You can af- 
ford to keep them trained. 

In answer to the question of where 
and how are analysts to be trained, a 
laboratory type training school has been 
proposed. The training to be offered 
will be determined by the needs of the 
industry as developed at the Fort Worth 
Seminar and another similar seminar to 
be held, we hope, yet this year. 

The primary object in offering a uni- 
form training program for gas analysts 
to the industry, is to improve the accur- 
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Joe F. Wood has been superin- 
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TABLE 3. Error 1 millimeter mercury 
pressure in 3000 ml receiving bottle 
(nominal capacity). 


Unit Gallons per year for 60,000,000 
cu ft per day. 








Sample Iso- N- 

Size Propane butane butane Pentanes Hexanes 
6,000 ml.... 354,780 407,340 398,580 462,090 657,000 
8,000 ml.... 264,990 306,600 300,030 348,210 490,560 
10,000 ml.... 212,480 245,280 238,710 278,130 392,010 
12,000 ml.... 177,390 203,670 199,290 232,140 326,310 
14,000 ml.... 151,110 175,200 170,820 197,100 280,320 
16,000 ml.... 133,590 153,300 148,920 173,010 245,280 
18,000 ml.... 118,260 135,780 133,590 155,490 216,810 

Value per Year 
(18,000 ml sample) 
DN 5 2io 5 e4 haat 118,260 gallons at 3c $ 3,547.80 
| Sais 185,645 gallons at 4c —_ 7,425.80 
26 Ib gasoline.......... 239,215 gallons at 6¢ 14,352.90 
(pentanes plus basis) 
Es eidoncsed $25,326.50 
26 Ib gasoline.......... 811,984 gallons at 6c 48,719.04 
(iso-pentane, N-pentane 
hexanes plus basis) 
: | eae 


$59, 692 2 64 








acy of the resultant analyses. As this 
goal is achieved, agreement between 
companies buying, selling, and trading 
natural gas, gasoline, and LPG will im- 
prove with particular reference to the 
composition of the products being han- 
dled. When the individual laboratories 
of different companies can check each 
other, then we have eliminated costly 
and time consuming duplicate sampling 
and analysis with ultimate resort to 
referee analysis. 

The NGAA fractional analysis sam- 
ples were completed early this spring 
and the average deviation from known 
composition was calculated. Attention 
is called to the designation deviation 
from known composition, and not devia- 
tion from average analysis, there is a 
great difference. This average deviation 
from known composition varied from 
0.14 mole per cent to 9.26 mole per cent 
between the laboratories of the various 
participating companies. For the least 
deviation, this amounts to 0.00022 gal 
per thousand cubic feet (pentanes plus 
basis) but, the 9.26 mole per cent devia- 
tion is a startling 3.980 GPM. It is not 
likely that any company would frown 
upon two-ten-thousandths of a GPM 
error, but gasoline plants are built on 
considerably less than 3.98 gal per min- 
ute gas, yet this is deviation only. These 
determinations were not made by novice 
analysts. They are all from trained 
analysts in commercial laboratories, 
where investments are being approved 
and refused on the basis of the analyti- 
cal results. 

It is suggested the report of A. J. Mil- 
ler’s fractional analysis sub-committee 
be read with care and attention to de- 
tail. 

The Technical Committee of NGAA 
is proposing a school, under association 
sponsorship and supervision, to be sit 
nated at a mutually satisfactory univer 

















New Analytical Methods 


sity, with a full time instructor to oper- 
ate the school, conduct classes, and per- 
form such experimental research and 
development on methods and equipment 
as time permits. The tentative plan for 
such a training course puts it on a tui- 
tion basis of $50 per week for a three 
weeks course. The course to be repeated 
monthly for a total of nine complete 
training periods in any single year of 
operation. Each class is to be limited 
to 10 students. At the outset the instruc- 
tion will be approximately one-third 
theory and two-thirds operation. It is 
not the intention to develop a “cook- 
book” procedure. It is desired to teach 
application of proper theory and meth- 
ods as a means of developing more ac- 
curate analytical technique, by use of 
the actual equipment available to the 
analyst in his own laboratory. A few 
manufacturing companies have offered 
to supply on a loan-basis, the equip- 
ment needed for such training. Other 
companies will undoubtedly volunteer 
as the general plan becomes known. 


CConrnor of solvent losses in the re- 
fining of lubricating oils with furfural 
requires that the stripped raffinate and 
extract be analyzed frequently for traces 
of furfural. For a number of years this 
laboratory used a procedure that in- 
volved distillation of furfural from the 
sample partially dissolved in a water- 
alcohol solution, followed by colori- 
metric determination of the furfural in 
the distillate. When using this method, 
it was often found that some of the oil 
would distill over toward the end of the 
distillation, resulting in a cloudy dis- 
tillate that could not be analyzed colori- 
metrically. 

Javes? has described a method for 
the determination of furfural in lubri- 
cating oils that involves sweeping the 
furfural from the sample by means of 
a current of air and allowing the 
vapors to act on a strip of filter paper 
that has been soaked in an acid 
solution of 2, 4-dinitrophenylhydrazine. 
The resulting red color is compared 
with the colors of reference strips 
prepared for the day’s work by using 
furfural-free oils to which known 
amounts of furfural have been added. 
The amount of time required to prepare 
these reference strips makes this method 
unattractive, especially if only a few 
samples are run each day. 

In the procedure described in this 
paper, advantage is taken of the ability 
of sodium bisulfite to react with alde- 
hydes to form an addition product. The 
reaction with furfural is shown in the 
following: 


+Continental Oil Company, Ponca City, Ok- 
lahoma. 
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Without going into lengthy detail, 
the phases to be covered in such a train- 
ing school are: (and these are subject 
to revision as the plan is formulated.) 

1. Proper sampling techniques and 
procedures, in field, plant, or laboratory. 

2. Orsat analysis, combustion, ab- 
sorption, etc. 

3. Handling of samples within the 
laboratory. 

4. Introduction of samples to the ap- 
paratus. 

5. Treatment for removal of specific 
compounds such as sulfurs, water, etc. 

6. Technique of the actual distilla- 
tion, to include size of sample, rates 
of distillation, reflux ratios, etc. 

7. Auxiliary techniques such as re- 
fractionation of cut-points, vapor pres- 
sure method of cut-point determination, 
etc. 

8. Calculations. 

9. Application and significance of re- 
sults. 

10. Theory of gas analysis. 

As a starting course, there is to be: 


Determination of Furfural in Lubricating Oils 


W. C. WOELFEL, W. D. GOOD and C. A. NEILSONT 


NaHSO, + C,H,OCHO — 
C,H,OCHOHSO,Na 


When an oil containing furfural is 
diluted with naphtha to lower the vis- 
cosity and the naphtha solution is 
shaken with a dilute solution of sodium 
bisulfite, the furfural passes into the 
aqueous phase because the water-solu- 
ble bisulfite addition compound is 
formed. 

The reaction of aniline acetate with 
furfural to produce a red color has been 
known for many years’ * and has been 
used extensively for the quantitative de- 
termination of small amounts of fur- 
fural; however, the method could not 
be applied directly to the analysis of 
fur‘ural in a bisulfite solution because 
the latter interferes with the color re- 
action. To eliminate this interference, 
the bisulfite is oxidized by adding an 
excess of iodine solution: 


NaHSO, + I, + H,O = 
NaHSO, + 2HI 
The excess iodine is reduced by the 


dropwise addition of sodium thiosulfate 
solution: 


2Na,S,0, +1, = Na,S,O, + 2Nal 


Subsequent addition of aniline in acetic 
acid produces a red color that is meas- 
ured in a photoelectric filter photometer. 


Apparatus 
Analytical balance 
Beakers, 50-ml. 


Cylinder, graduated, 50-ml or 
100-ml. 






Standard Orsat analysis equipmeni. 

Low - temperature fractional analysis 
equipment. 

a. Manual. 

b. Semi-automatic. 

c. Fully automatic. 

Auxiliary equipment for special 
methods. 
The course would tend to be repetitious 
over any selected unit of time; however, 
it is to be continually modernized as 
new equipment and methods are de. 
veloped, and expanded to include other 
phases of gas analysis as the demand 
arises. The instructor does not get a 
three-month’s vacation every year. The 
three months not scheduled for the 
school, he is to visit his students in their 
own laboratories to observe the applica- 
tion of his teachings and to be available 
for special problems, questions, and 
advice. 

Inquiries should be forwarded to: 

Natural Gasoline Association of 
America, W. F. Lowe, 422 Kennedy 
Building, Tulsa 3, Oklahoma. ¥* * * 


P 205. 


Filter paper, Whatman No. 2, 
11 cm. 

Flasks, volumetric, 50-ml, 500-ml, 
and 1000-ml. 

Funnels, filtering, 65 mm or 75 mm. 

Funnels, separatory, 125-ml. 

Lumetron filter photometer, model 
402-E, with 1 cm rectangular cells 
and M 515 filter. Other makes of 
filter photometers may be used. 

Pipettes, transfer, l-ml, 2-ml, 5- 
ml, and 10-ml. 

Pipette, Mohr, 5-ml. 


Reagents 

Acetic acid, glacial, c.p. 

Aniline, c.p. If the aniline has dark- 
ened appreciably, it should be redis- 
tilled before using. 

Iodine solution, approximately 0.2 
N. Dissolve 16.0 grams of potassium 
iodide in the smallest possible amount 
ot water, warming slightly to bring 
the solution back to room tempera- 
ture. Add 12.7 grams of iodine crys- 
tals, stir until dissolved, transfer to a 
500-ml, volumetric flask with water. 
dilute to the mark. and mix well. 

Naphtha meeting the requirements | 
of A.S.T.M. Method D 91-40. 

Sodium bisulfite solution. Dissolve 
45.0 grams of anhydrous sodium bi- 
sulfite (NaHSO.) in water and dilute 
to 1 liter. 

Sodium thiosulfate solution, ap- 
proximately 0.1 N. Dissolve 25.0 
grams of sodium thiosulfate crystals 
(Na,S.0,.5H,O) in water and dilute 
to 1 liter. 

Standard furfural solution. Dis- 
solve 1.000 gram of freshly distilled 
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Petroleum refining and chemical 
manufacturing are industries of 
almost incredible superlatives. They 
have spent for new facilities since 
1945 a sum roughly equal to total 
gross plant investment for all prior 
years. In these accomplishments, The 
Lummus Company—as design engi- 
neers and constructors—was privi- 
leged to play a major role. 


But the years ahead are apt to make 
the past look puny by compari- 
son. This year, for example, oil 


companies will top 1951 capital 
spending by over a third—chemical 
companies by nearly a fifth. Prelimi- 
nary plans through .1955 show little 
or no relaxation from this rate. 


Big job? Lummus is ready—a fact 
you may wish to bear in mind as 
mounting demands challenge the 
already-extended organizations of 


petroleum and chemical companies. 


Rely on the quality and versatility 
of the Lummus staff—on the proven 


ability of Lummus to handle, under 
one contract, the functions of engi- 
neering, drafting, purchasing, expe- 
diting, inspecting, erection and 
initial operation. 


And—as a policy statement for the 
record—rely on us to recognize and 
accept the special responsibility of 
handling confidential information in 
accordance with your own best inter- 
ests and desires. 


May we work together? We’re ready! 


THE LUMMUS COMPANY 


385 MADISON AVENUE, 


NEW YORK 17, N.Y. 


HOUSTON * CHICAGO © LONDON + PARIS © CARACAS 





MESIGNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
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New Analytical Methods 
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FIG. 1. Calibration curve, optical density vs 


furfural concentration. 


furfural in water and dilute to 1 liter. 
Dilute 10 ml of this solution to 1 liter 
with water. One ml of the resulting 
solution will contain 0.01 mg. of fur- 
fural. 


Preparation of Calibration Curve 


Prepare a curve showing the relation 
between the photometer reading and the 
furfural content as follows: Introduce 
0, 1, 2, 4, 6, 8, and 10 ml of the stand- 
ard furfural solution (1 ml = 0.01 mg 
furfural) into separate 50-ml glass- 
stoppered volumetric flasks. To each add 
1 ml of sodium bisulfite solution, fol- 
lowed by 5 ml of iodine solution. Add 
sodium thiosulfate solution dropwise, 
with mixing, until the solution becomes 
colorless. Dilute each solution to ap- 
proximately 20 ml with water and add 
a solution of 2.5 ml of aniline in 25 ml 
of glacial acetic acid. Dilute each to 50 
ml with water, stopper. mix thoroughly, 
and allow to stand in the dark for 25 to 
35 minutes. 

Fill a l-cm optical cell with the zero- 
milliliter standard, place in the filter 
photometer, and adjust the instrument 
to read 100 per cent transmittancy. 
using the M 515 filter. Obtain the trans- 
mittancies on the other standard solu- 
tions. Convert the transmittancies to 
optical densities by means of the follow- 
ing equation: 

Optical density = 

100 
log ——— 


per cent transmittancy 


Plot each optical density against the 
number of milligrams of furfural added 
to the corresponding standard. This will 
give a calibration curve similar to that 
shown in Fig. 1. 

Note: Some instruments, such as the 
Klett-Summerson filter photometer, have 
a logarithmic scale. In such cases, the 
dial readings may be plotted directly 
against the furfural concentrations. 





Procedure 
Weigh 5.00 grams of raffinate or ex- 
tract in a 50-ml beaker. Dissolve the 
sample in naphtha and transfer the so- 
lution to a 125-ml separatory funnel. 
Rinse the beaker with naphtha, using a 
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TIME OF STANDING, MINUTES 


FIG. 2. Effect of length of time of 


standing on transmittance. 


total volume of 50 ml of naphtha in dis- 
solving and transferring the sample. 

Add by pipette 10 ml of sodium bisul- 
fite solution to the separatory funnel. 
Stopper and shake vigorously for 3 min. 
Remove the stopper and allow the solu- 
tion to stand until at least 3 to 5 ml of 
the lower layer have separated. The 
process may be hastened by inserting 
a long stirring rod in the funnel and 
agitating the emulsion at the bottom to 
start the breaking-out process. 

Draw off a portion of the lower layer 
into a dry filter of Whatman No. 2 paper, 
collecting the filtrate in a dry 50-ml 
beaker. Pipette 1 ml of the filtrate into 
a 50-ml glass-stoppered volumetric flask. 
At the same time prepare a blank by 
transferring 1 ml of sodium bisulfite so- 
lution to another 50-ml flask. Add 5 ml 
of iodine solution to each and proceed 
as described in the preparation of the 
standards. Adjust the filter photometer 
to read 100 per cent transmittancy with 
the blank solution in the optical cell, 
then obtain the transmittancy on the 
sample solution. Convert the reading to 
optical density and read off the number 
of milligrams of furfural from the cali- 
bration curve. 

If the optical density falls outside the 
range of the calibration curve, take an- 
other 1-ml portion of the bisulfite ex- 
tract, dilute with an appropriate volume 
of sodium bisulfite solution, and use a 
1-ml portion of this diluted solution for 
the analysis. 

Calculate the furfural content of the 
sample as follows: 


Furfural, weight per cent = 
wxdD 
5 


where: 


W = milligrams of furfural correspond- 
ing to the optical density and 

D = dilution factor (D = 1 unless fur- 
ther dilution of the extract is nec- 
cessary ) 


Results 
Table 1 shows the results obtained 
when the method was applied to a series 
of known solutions of furfural in a fin- 
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TABLE 1. 
Furfural, Weight Per Cent 
Solution Present Found 
A 0.099 0.096 
B 0.073 0.073 
Cc 0.051 0.050 
D 0.039 0.038 
E 0.035 0.035 
F 0.008 0.008 








ished bright stock. This oil was selected 
because it had been refined by the Duo- 
Sol process, hence it was originally free 
from furfural. 


Discussion 


Fig. 2 shows the effect of length of 
time of standing on the transmittance 
under the conditions of the method. It 
can be seen that minimum transmittance 
was reached in 20 min and remained 
constant for at least another 20 min. 
Apparently, the ions introduced by the 
addition of bisulfite, iodine, and thiosul- 
fate had no effect on the color stability 
or rate of development, since the same 
curve was obtained in the absence of 
these ions. Stillings and Browning’ 
found that the presence of sodium chlo- 
ride markedly increased the stability 
of the color and slightly increased the 
time required to reach minimum trans- 
mittance. Under the conditions of their 
procedure, this time was approximately 
55 min. They also emphasized the neces- 
sity of keeping the furfural-aniline solu- 
tion in complete darkness during color 
development, a procedure which has 
heen followed in the present method. 

The method has been in use as a rou- 
tine control procedure in this labora- 
tory for over two years, during which 
time it has proved to be very satisfac- 
tory. Nontechnical personnel with a 
high school education or equivalent are 
used for this work. For two or more de- 
terminations made at a time, the aver- 
age working time per determination is 
about 15 minutes. 
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Another Beckman advancement 


in instrumentation... 
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| apor-liquid relationships are 
an important factor in the 
design and operation of many petroleum 
and petro-chemical processes. But the 
laborious, trial-and-error methods now 
used for solving such relationships are 
time-consuming, tedious and greatly 
limit the productive capacity of techni- 
cally-trained personnel. 

Now such equations can be 
solved quickly, accurately, economically 
with the new electronic Beckman Phase 
Equilibrium Computer. 


What it does... 

With this new Beckman ad- 
vancement, a non-technical operator can 
solve complex flash equilibrium equa- 
tions in three to four minutes as com- 
pared with as much as 1% hours re- 
quired by highly trained personnel using 
present trial-and-error calculating pro- 
cedures. 

The data—consisting of analyses 
of the feed, together with. equilibrium 
‘constants for the given temperatures and 
pressures—is merely set into the machine 
by means of numbered decade dials. 

A few dials are adjusted to bal- 
ance the network, as indicated on a null- 
indicating meter, and the ratio of total 
liquid to total vapor is solved. Similarly, 
subsequent balances solve the liquid 
fraction of each constituent and the 
vapor/feed ratio. 

Accuracy for each constituent 
is within 0.05% of the total liquid, and 
as many as 10 feed constituents can be 
set into the machine at one time! 
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FREES valuable engineers from tedious calculations! 
SOLVES flash equilibrium problems 20 TIMES faster! 
SAVES many days in getting refineries on stream! 





SIMPLIFIES production reservoir analyses! 


How it’s used... 


The Beckman Phase Equilibrium Computer is an invaluable 
aid in a wide range of applications... 


> In designing fractionators, absorbers and other refinery equipment, the 
interaction of gas and liquid phases with temperature and pressure varia- 
tions throughout the columns can be quickly and accurately evaluated. 


> Valuable time is saved in designing surface separator systems for optimum 
operating temperatures and pressures, assuring maximum recovery of the 
desirable constituents. 


» In field production operations, the nature and amount of gas developed in 
the reservoir as pressures decline can be quickly and accurately determined 
... better gas/oil ratios can be maintained and optimum recovery obtained. 


The time saved in getting just one refinery job on stream can more than 
repay the cost of a Beckman Phase Equilibrium Computer . .. and the 
instrument continues saving time, cutting costs, boosting manpowel! 
efficiency year after year on a wide range of vapor-liquid computations 
It will pay you to get the full story on this new Beckman advancement! 


Send for Bulletin 12-26 which describes this instrument! 















SPECIAL PRODUCTS DIVISION 


BECKMAN INSTRUMENTS, INC. 


South Pasadena, California 


BECKMAN INSTRUMENTS — 


control modern industries © 
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F oun new Hortonspheroids used ‘o 
store butanes at about 50 F, were com- 
pleted recently at the Gulf Oil refinery, 
Port Arthur, Texas. These large tanks 
measuring 280 ft at the maximum out- 
side circumference are constructed with 
walls of .35-.56-in. thick steel. Of prin- 
cipal concern to the Gulf engineers was 
the danger of corrosion attacking tiie 
metal, and eating through the vessel. To 
prevent such an occurrence, and to insu- 
late properly the spheroids, carefully 
designed specifications were drawn up 
by Gulf engineers and the insulaticn 
contractor, the Thermal Products Com- 
pany of Houston, Texas. The construc- 
tion details arranged have proved them- 
selves to be satisfactory, completely pro- 
tecting the metal from corrosive action, 
and maintaining the butane content at 
the proper temperature level. Basically, 

A completed Hortonspheroid with aluminum paint finish. the components of the spheroids cover- 
ing materials are zinc chromate, Foam- 
glas, a fibrated asphalt cut-back and 
aluminum paint. 


Covering the Hortonspheroids 


The spheroids were first sandblasted 

* . to remove any rust or other matter that 

Insulating Spheroids at might have formed or collected on the 

metal. This provided a clean surface 

rough enough to make an excellent bond 

e with a covering of zinc chromate. The 

Port Arthur Texas Refi nery chromate was sprayed over the vessel to 
7 protect the metal from rust. 

Workmen then set 2%%-in. Nelson 
welding pins 9 in. apart on horizontal 
circles drawn at 12-in. —— down the 

° ° . curvature of the spheroid. The pin ar- 

Method for applying glass insulation rangement was scheduled so that each 

12 in. wide by 18 in. long block of Foam- 
glas, when laid up with the long edge in 
a horizontal position, would be supported 
by two pins. The pins would be located 


gives uniform and rugged support 


Weld pins are quickly applied to vessel surface at pre-determined Stud pins being quickly applied on layout circles. 
points around the permimeter of the spheroid. 
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Screwed fittings 


CAST 
STEEL 
FITTINGS 


red and Accurately Machined 
p Fit and Long Service 


= : 
Meaird fittings have been developed 
over the past two decades to give you 
a product of exceptionally high quality. 
Why Beaird fittings are superior: Whether you are planning new plant 
Menster wails construction or require fittings for 
Completely backfaced flanges replacement, you will find that Beaird 
Concentric bores cast steel fittings are outstanding for 
Uniform gasket surfaces accurate fit and long service. Five 
True flange circumference points of superiority, incorporated in 
; their design, have made Beaird fittings 
Ask your supply house for Beaird cast steel 
fittings — or write to us direct for a quota- the preference of petroleum and 
tion on your requirements. ‘ ‘5 
chemical companies around the world. 


SH RE EE POO R 


MACHINING 
FABRICATING 
STEEL WAREHOUSE 


pass BE AIR | ; THE J. B. BEAIRD COMPANY, INC. SHREVEPORT, LOUISIANA 
“ j y { 


PACKAGED LP GAS SYSTEMS ANHYDROUS AMMONIA PRESSURE 
COMPRESSOR PLANTS EQUIPMENT BULK STORAGE 





Insulating Spheroids 








Workman applying 12 by 18-in. blocks of Foamglass 
around perimeter of Hortonspheroids. 


approximately 4144 in. from each end 
and midway between the sides. 

When the pins were set in place the 
chromated surface of the vessel was 
given a spray coat of fibrated asphalt 
cut-back 4% in. thick. The fibrated as- 
phalt cut-back, a waterproofing material, 
was chosen to further protect the metal 
surface of the spheroids. 

The insulation crew impaled the rigid 
2 in. thick blocks of Foamglas on the 
weld pins, working from the top of the 
vessel down. The Foamglas was set in 
place using a metal guide to insure that 
all joints would be tight after the in- 
sulating block had been slipped over the 
2¥4-in. weld pins. The Foamglas was 


held in place finally with speed clips set 
over the pins. 

Unique in composition, Foamglas not 
only provides thesinsulating value re- 
quired to maintain the proper tempera- 
ture within the tank, but also acts to 
protect against moisture penetration. 
Because Foamglas is composed of mil- 
lions of tiny glass bubbles fused together 
to form a continuous structure it has an 
unusually high resistance to moisture. 
This property adds to the overall protec- 
tion given to the metal and insures a 
constant insulation value of the material. 
This latter point is particularly impor- 
tant because any moisture present in an 
insulant decreases its effectiveness. 


thick coat of fibrated asphalt cut-back is 





Chalmer G. Kirkbride, president of 
Houdry Process Corporation an- 
nounced that what is planned as the 
world’s largest Houdriflow unit will 
be installed by Texas City Refining, 
Inc., at its Texas City refinery. 

The new unit will crack heavy 
stocks into high quality octane fuels. 
Having a design capacity of 19,000 
bbl per day, this Houdriflow unit 
represents a substantial expansion in 
the cracking facilities of the Texas 
City refinery, and will supplant an 
existing 10,000 bbl per day Houdry 
fixed-bed catalytic cracker con- 





Texas Refining to Install Large Houdriflow Unit 


structed during World War II. 

In addition to the usual advantages 
afforded by the modern Houdriflow 
process, the Texas City installation 
will incorporate a visbreaker in the 
catalytic circuit to provide additional 
charge stocks to the catalytic unit 
from heavy fuel oil. 

With the engineering work well ad- 
vanced, construction of the unit will 
begin soon by Kaiser Engineers Divi- 
sion of Henry J. Kaiser Company of 
Oakland, California. Completion of 
the unit is scheduled for the last 
quarter of 1952. 
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quickly sprayed over Foamglass. 


Joints and speed clips were carefully 
pointed with a coat of fibrated asphalt 
cut-back to further protect against cor- 
rosion. Then a coat of fibrated asphalt 
cut-back ¥-in. thick was sprayed over 
the entire area, giving special attention 
to good coverage where penetration 
through the Foamglas such as piping 
and other supports occurred. Finally, 
the spheroid was given a spray coating 
of aluminum paint as a weathering 
agent. 

The construction schedule for the job 
was both efficient and arranged in an 
effective manner concerning time and 
quality of workmanship. Each spheroid 
was tackled individually, and completed 
before the construction crew moved on 
to the next vessel. This permitted a min- 
imum amount of shifting of equipment, 
scaffold, welding machines, etc. from 
one point to another. Careful planning 
resulted in a top quality installation at 
minimum cost. 

Of special interest was the installation 
of insulation covering the entire perime- 
ter of the spheroids at the base where 
the supports were strip-sheeted with 12 
gage metal. The sheets of metal left two 
16-in. wide open areas around the base 
of the spheroids. The covering was ap- 
plied in the same manner here as was 
followed on the vessel, and spanned the 
open areas without additional support. 
Finally, the insulation was covered with 
fibrated asphalt cut-back and aluminum 
paint. This unique technique has proved 
itself to be completely successful.* * 
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NEWS 
 Stanvac To Enlarge Size 


F Of Proposed India Refinery 


'  Standard-Vacuum Oil Company has 
' announced that it will increase the size 
of its proposed Bombay refinery to 25,- 
- 000 bbl per day capacity. 
_ The project, which was announced 
by the Government of India last Novem- 
| ber. represents a $35,000,000 invest- 
"ment. It was originally scheduled to 
- have a capacity of 19,000 bbl per day. 
_ The increase will mean one-third more 
_ than was originally contemplated. 
_ The new process designs for the 25,- 
_ 600 bbl-per-day plant anticipate an an- 

nual production of nearly 48,000,000 
U. S. gallons of kerosine, as compared 
with the original estimate of 33,500,000 
U. S. gallons. 

It now appears that the refinery, 
which will be situated on Trombay 
Island in Bombay harbor, may be ready 
for operations several months earlier 
than the 1956 date first anticipated. 


























Casinghead Gas Plant Set 
For South Texas Oil Field 


Construction has begun on a casing- 
head gas compressor plant and gather- 
ing system to serve the oil wells in the 
Helen Gohlke field of De Witt and Vic- 
toria counties, Texas. The Helen Gohlke 
field was discovered in January, 1951, 
and has proved to be one of the most 
active and productive fields in the South 
Texas area. 

The plant, to contain 2640 compres- 
| sor horsepower, is expected to handle 
up to 12,000,000 cu ft of casinghead 
gas daily. A multiple ownership proj- 
ect with four companies participating 
initially, the plant will be constructed 
and operated by Shell Oil Company. 
Other participants are Humble Oil and 
Refining Company, Kirby Petroleum 
Company, and Monterey Oil Company 
of Texas. 











Electronically Controlled 
Refinery Unit In Operation 


A new sulfur dioxide extraction plant 
commissioned late in 1951 by National 
Oil Refineries, Ltd., Llandarcy, South 
Wales, to produce premium grade kero- 
sine, is believed to be the first refinery 
plant in the world to be completely con- 
trolled electronically. The instrumenta- 
tion was designed and manufactured by 
Evershed and Vignoles Ltd., in England. 
This plant, which has been in successful 
operation for some months, is part of 
the Anglo-Iranian Oil Company’s de- 
: velopment program in the United King- 
, dom, and marks a considerable techni- 
cal advance in instrumentation and proc- 
: ess control. Originally designed to pro- 
| duce 2210 bbl a day, the plant is in fact 
operating at a daily rate of 3500 bbl. 

The advantage of electronic, as op- 
posed to pneumatic, operation lies in 
the fact that the response to the control 
is virtually instantaneous, irrespective of 
the distance between the plant and the 
control room. 
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Taking Part in the Recent Ground-Breaking Ceremonies at Ventura, 
California, for the new multimillion dollar Shell Chemical Corporation ammonia plant, 
are: C. W. Petit, city councilman representing the mayor of Ventura; Sam Rogers, Shel! 
bulldozer operator; L. A. Price, chairman Ventura County board of supervisors; (fore- 
ground) F. D. Kuenzly, manager of the ammonia plant. Scheduled for completion in 
mid-1953, the plant will manufacture 150 tons of liquid ammonia fertilizer per day, 


and will employ about 130 people. 


Humble Oil Builds New Gas Compressor Station 


A new gas compressor station and 
other facilities to process gas from the 
Pickton field and to provide greater re- 
covery of oil are being built by Humble 
Oil and Refining Company. Humble al- 
ready operates a gas plant near Pickton, 
in Hopkins County, Texas. 

The installation will be capable of 
processing an additional 30,600,000 cu 
ft of gas daily and injecting 28,000 cu ft 
back into the ground so that more oil 
may be produced. The project is part 
of Humble’s $40,000,000 post-war pro- 


gram for conserving casinghead gas- 
that produced along with oil—and in- 
creasing oil recovery through the use 
of it. 

Work on the project began in early 
May and is expected to be finished be- 
fore the end of the year. Stearns-Roger 
Manufacturing Company of Denver, 
Colorado, was awarded the construction 
contract. The compressor station and a 
new five-cottage employee camp will be 
four miles east of the existing Pickton 
Gas Plant. 


PAD Releases Results of Lubricating-Oil Survey 


Results of a survey of lubricating-oil 
production, including the chemicals 
used in that production, have been re- 
leased by the Petroleum Administra- 
tion for Defense. The survey was con- 
ducted in mid-1951 but tabulation of 
all details was not completed until the 
present. 

Information that was gathered in the 
survey and that is not classified for ad- 
ministrative or security reasons is set 
forth in six tables: 

1. Refining capacity for production 
of lubricating oil in the continental 
United States in barrels per calendar 
day, classified by the viscosity index 


(V.I.) of the finished oil. 

2. Refining capacity classified as 
“conventional” and solvent capacity. 

3. Lubricating oil shipments in bar- 
rels per calendar day from refineries, 
1950 and first quarter 1951. 

3. Refining capacity classified by the 
viscosity of the finished lubricant. 

5. Wax production from the refining 
of lubricating oils, classified as crude 
unrefined wax, fully refined wax be- 
low 145 F, and fully refined wax above 
145 F. 

6. Chemicals used in the refining of 
lubricating oils. 

Information in one table follows: 








United States lubricating oil refining capacity classified 
by type of refining. 
B/CD of finished lubricating oil 





Conventional Solvent 
re refining 
capacity Per cent capacity Per cent 
Date B/CD increase B/CD inerease Total 
January 1, 198D...........c.ccecce 60,099 sale 89,162 tes 149,261 
January 1, 1061................ 63,126 5.1 98,022 9.9 161,148 
ima‘ 
January 1, 1952.............. 09,708 4.1 105,467 7.6 171,175 
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News 


OU Group Studies Ways 
To Cut Lubrication of Cars 


Experiments being conducted on the 
campus of the University of Oklahoma 
are designed to make lubricating neces- 
sary only a few times during the life of 
the average car. 

“Recently discovered types of greases, 
using new and improved materials, are 
much superior to the products currently 
in production, but have not been widely 
used due to their difficulty to manufac- 
ture,” said Prof. Walter J. Ewbank of 
the school of mechanical engineering. 

A research program in fuels and lubri- 
cants is being conducted on the OU 
campus under the sponsorship of the 
Morehouse Industries of Los Angeles. 
New machinery developed by the Cali- 
fornia Company is being used in the 
tests. 

The Cato Oil and Grease Company of 
Oklahoma City, the Archer-Daniels- 
Midland Company of Cleveland, Ohio, 
and the Foote Mineral Company of 
Philadelphia, have cooperated in the 
work, 

The first project under study is the 
production of lithium hydroxy stearate 
greases. 


New CO» Removal Method 


A new method for removal of carbon 
dioxide from synthesis gas has been de- 
veloped by two Bureau of Mines tech- 
nologists, J. H. Field and H. E. Benson, 
in the Synthetic Liquid Fuels Research 
Branch at Bruceton, Pennsylvania. This 
method is suited to use in the production 
of liquid fuels from coal and oil shale. 

The carbon dioxide is absorbed in a 
hot concentrated potassium carbonate 
solution at 300-600 psig, the pressure 
range at which synthesis gas is produced 
by the partial combustion of coal, shale 
oil, etc. Regeneration of the spent solu- 
tion is by pressure reduction and steam 
stripping, avoiding the necessity for heat 
exchange and reducing steam consump- 
tion, a news release states. 





API Compounds Available 


The four compounds listed below are 
newly available as API Standard sam- 
ples as of April 1, 1952. A list of the 
201 compounds now available may be 
obtained on request to: Carnegie Insti- 
tute of Technology, Attention of Fred- 
erick D. Rossini, Department of Chemis- 
try, Pittsburgh 13, Pennsylvania, and 
should be accompanied with full pay- 
ment in advance, with check. 


Foreign Chemical Groups 
To Exhibit at Exposition 


Four foreign chemical groups will be 
represented with exhibits in the Seventh 
National Chemical Exposition in Chi- 
cago, Illinois, September 9-13. They 
will come from Great Britain, Canada, 
Western Germany, and Belgium. 

Only one foreign chemical manufac- 
turer offered a display at the Sixth Ex- 
position two years ago. That was the 
Watford Chemical Company, Ltd., of 
London, which showed a striking giant 
model of the glycerine molecule. Wat- 
ford will return this year, with the added 
announcement of the opening of a North 
American plant in Toronto. 

New exhibitors from abroad will be: 
Schumachersche Fabrik of Bietigheim, 
Western Germany, Eldorado Mining and 
Refining, Ltd., of Ottawa, Canada, and 
The Federation of Belgian Chemical 
Industries. 

All the floor space originally plotted 
for the Coliseum has been sold and ef- 
forts are being made to set up a few 
extra booths to take care of late appli- 
cants. 

The 1952 exhibit will present the 
same broad distribution of exhibitors as 
1950 attracted, it was reported, on the 
basis of space sold to date. About 52 
per cent will be manufacturers of equip- 
ment, about 17 per cent apparatus sup- 
ply houses, about 25 per cent chemicals 
and the remainder composed of pub- 
lishers, societies, consultants, and others. 


Sun Builds Arosorb Plant 


Tribute to the role of research in pro- 
viding the American public with new 
products for better living was paid by 
Dr. J. Bennett Hill, director of chemical 
and engineering research, at a ceremony 
at Sun Oil Company’s Marcus Hook, 
Pennsylvania, refinery. 

The occasion was the ground break- 
ing for a plant employing the company’s 
newly-developed Arosorb Process. This 
plant is one of two in a $12.000,000 
project for the production of petro- 
chemicals important to the defense pro- 
gram. 

Products of the new Marcus Hook re- 
fining plant, combining catalytic re- 
forming and Arosorb units, will include 
an annual output of 15,000,000 gal of 
benzene, 22,000,000 gal of toluene, and 
19,000,000 gal of xylenes. 

Toluene is used making TNT, while 
xylenes are mainly used at present as a 
solvent but have a bright future in syn- 
thetic textile fibres. 

















Standard Compound Amount Volume Price 
sample —— -~ ——— _ of per per 

number a Formula Name impurity b unit c unit 

mole per cent ml (liq) 
1014-58 Culis 2-Phenyl-2-methyl-butane (tert-Pentyl-benzene) ee _. _* 5 $35.00 
1015-58 C7His trans-3-Heptene 0.20: 5 35.00 
1016-58 CnHo2 ee (tert-Pentyl-cyclo- (0. wy 5) d 5 35.00 
exane 
1017-58 CsHis 2, 2-Dimethyl-trans-3-hexene (0.20+-0.15) d 5 35.00 








a The designation “-5S” following the —_ number indicates a sample of 5 ml sealed “in vacuum” in a special Pyrex 
x ~ ampoule with internal ‘‘break off” tip. 
he purity has been evaluated from measurements of freezing points in accordance with the method and procedure of the 
American Petroleum Institute Research Project 6, as described in J. Research Natl. Bur. Standards 35, 355 (1945), and 
Anal. Chem. 20, 410 (1948), unless otherwise noted. 
c Tolerance approximately +10 per cent. 
d Estimated 
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American Insecticide Aids 
Jordan War On Locusts 


An American chemical, aldrin, «he 
deadliest weapon yet developed against 
man’s ancient insect enemy, the locust, 
has joined other nations and insec ti- 
cides in a battle to save a quarter of ihe 
world’s people from a grave threat of 
widespread famine. Shell Chemical 
Corporation is marketing the chemical, 

An emergency shipment of two tons of 
the powerful insecticide, enough to 
purge more than 30,000 acres of maraud- 
ing locusts, has been flown from Denver 
to New York, and by several overseas 
airlines to Damascus, for. treatment of 
locust-infested land in Jordan. The Mid- 
dle Asian state is one of the most ser- 
iously affected of 15 countries of Asia 
and Africa whose food supply is threat- 
ened by what is described as the worst 
locust infestation in 100 years. 

Mixed with water and sprayed from 
low-flying planes at the exceptionally 
small dosage of two ounces of aldrin per 
acre, the insecticide is expected to ob- 
literate locust hordes on Jordan’s irri- 
gated vegetable crops, date palms, and 
dry land cereals. 

Forty more tons of aldrin have been 
sent by boat for use in trouble spots 
from Eritrea in East Africa to India. 


New Method Developed 
For Gas Odorization 


J. B. Calva and Company has devel- 
oped a more effective method for odori- 
zation of liquefied petroleum gas. The 
method has proved highly efficient ex- 
perimentally. 

Ordinary procedure involves the addi- 
tion of ethyl mercaptan to the liquid 
phase. Petroleum gas, however, vapor- 
izes much more rapidly than does the 
odorant, and at temperatures below 75 F 
a cylinder of, say, liquid propane will 
be completely volatilized before the 
gaseous propane reaches the level of 
odorization of natural gas. The purpose 
of odorizing is consequently defeated. 

The Calva process overcomes this diffi- 
culty by adding the odorant to the gas- 
eous phase directly. A small cartridge 
of odorant is inserted into a specially 
provided cavity in the valve of the 
cylinders. 


Cat Cracker Afterburn 
Prevented By Analyzer 
Petroleum refiners have had to call 
into play a great deal of ingenuity to 
meet the constantly increasing demand 
for refined petroleum products since the 
end of World War II. Now comes news 
that one of the biggest bottlenecks to 
increased production can be virtually 
eliminated. The limit set by the carbon 
burning rate in the regenerator of fluid 
catalytic cracking units has been the 
refiner’s greatest problem. Known as 
“afterburn,” the bane of a catalytic 
cracker operator’s existence can be pre- 
vented by an infra-red carbon monoxide 
gas analyzer which measures the after- 
burn’s most significant contributing fac- 
tor, carbon monoxide, and warns the 
operator when conditions are developing 
which will start the afterburn. 
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WORTH LOOKING INTC 


The Ingersoll-Rand, Class CRVR, Cradle-Mounted 
Centrifugal Pumps 


Developed Especially for Process and Refinery Service 
—to assure easier maintenance and_less of it! 


Most centrifugal pumps look pretty much alike — on the outside. But it’s 
what’s inside and who builds them that makes the big difference in per- 
formance, dependability and maintenance. Note, for example, these features 
of the new Ingersoll-Rand Class CRVR pumps: 


DEEP, WATER-COOLED STUFFING 4) HEAVY, BARREL-TYPE CRADLE — for 


BOX—with ample space for either 
conventional ring packing or the 
Cameron mechanical shaft seal. 


HOOK-TYPE SHAFT SLEEVE — sealed 
at impeller end and free to expand 
toward gland end. Eliminates 
leakage under sleeve and assures 
a tight impeller assembly. 


SPLIT-TYPE SMOTHERING GLAND — 
traps any shaft seepage of volatile 
or hazardous liquids. Gland is 
quickly removed for access to 
stuffing box. 


5) 


6) 


giving extra-firm support to shaft 
and bearing assembly. Large side 
openings simplify inspection and 
packing. 


HEAVY-DUTY BALL BEARINGS — of 
the single-row, deep-groove type, 
with efficient and dependable ring 
oil lubrication. 


DRIVE MOTOR OF ANY DESIRED 
TYPE — drip-proof, splash - proof, 
totally-enclosed, or explosion- 
proof. Heat from pump shaft is 
completely isolated from motor. 


R Ingersoll-Rand 


You'll discover many other important features, too, — features 
that make Ingersoll-Rand’s completely new line of Cradle- 
mounted Centrifugal Pumps ideally suited to the petroleum and 
other process industries. These units are available for capacities 
to 550 gallons per minute and heads up to 250 feet. Your nearest 
I-R representative will be glad to give you the complete story, 


11 BROADWAY, NEW YORK 4, N. Y. 555-9A 


COMPRESSORS © AIR TOOLS © ROCK DRILLS « TURBO BLOWERS © CONDENSERS © CENTRIFUGAL PUMPS ¢ OIL AND GAS ENGINES 
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Warren Petroleum Opens 
New Conservation Plant 


Serving the Ringwood oil field in 
Western Oklahoma to conserve light hy- 
drocarbons and supply needed natural 
gas to consumer gas line systems, the 
50,000,000 cu ft per day natural gaso- 
line plant was dedicated officially by 
Warren Petroleum Company and Okla- 
homa Natural Gas Company officials, 
recently. Attending the ceremony were 
Governor Murray and hundreds of other 
oil and gas men from all over the state. 

The gas at this plant is compressed 
to 750 psig and is stripped of propane 
and heavier hydrocarbons to the extent 
of more than 80,000 gal per day. The 
more than 40,000,000 cu ft of residue 
gas is delivered to Oklahoma Natural’s 
transmission lines for disposal as fuel 
gas. The raw gas is drawn from 150 
lease separators, through lines ranging 
from 3 in. to 36 in. diameter. Five com- 
pressor units, angle-type, totalling 
12,500 hp, supply the compression re- 
quirements. Production includes 24,000 
gal each of butane and propane and 
32,000 gal daily of natural gasoline. One 
outstanding feature of the plant is the 
extensive use of aerial coolers for con- 
densing products and for cooling engine 
cooling water and lubricating oil. Hy- 
drocarbon vapors in the system are em- 
ployed to strip the absorption oil, in- 
stead of steam; in fact, no steam is gen- 
erated in the plant. 

Pneumatic control of flow and tem- 
perature by activation from remote 
transmitter units is employed widely in 
the plant. A high pressure oil stream 
passes through a hydraulic power and 
pumping unit to recover energy there- 
from as a prime mover. The plant was 
built by Gasoline Plant Construction 
Company. 

One major problem was the finding of 
an adequate water supply, before de- 
cision could be made as to plant site. 
Thirteen test holes were drilled before 
a satisfactory supply was discovered. 
Two wells were drilled 34% miles from 
the plant and a 4-in. water line carries 
the supply parallel to the railroad right- 
of-way. 
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Main units in Ringwood, Oklahoma, plant operated by Warren and Oklahoma Natural Gas. 


Caltex Philippine Refinery 
Proposal Still Active 


Caltex (Philippines) Inc., officials in 
Manila say that negotiations for the site 
of their proposed $30,000,000 refinery 
are continuing. 

Other features of the huge project are 
currently under discussion with Philip- 
pine Government officials and it is hoped 
that final decision to proceed with con- 
struction can be made in the near future. 

This would provide for a daily crude 
oil capacity of 13,000 bbl, the steady 
employment in refining operations of at 
least 500 Filipinos, and the intangibles 
inherent in expanding local industry. 


IGT Research Bulletins Out 


Methods of evaluating oils for gasifi- 
cation are presented in two new num- 
bers of the Institute of Gas Technology 
Research Bulletin Series, No. 9, “Selec- 
tion of Oils for Carbureted Water Gas,” 
and No. 12, “Selection of Oils for High- 
Btu Oil Gas.” Both are written by E. S. 
Pettyjohn, the Institute’s director, and 
H. R. Linden, assistant research direc- 
tor. The projects on which the publica- 
tions are based were sponsored by the 
Gas Production Research Committee 
under the PAR Plan of the American 
Gas Association. 


Fuel Knock Film Available 


New information on the basic “hows 
and whys” of fuel knock is contained in 
a 30-min sound movie issued by Ethyl 
Corporation. The film, “Fundamentals 
of Fuel Knock,” is a cine-graphic prog- 
ress report on a combustion research 
project which Ethyl is sponsoring at the 
Sloan Laboratories of Massachusetts 
Institute of Technology. 

A permanent record of each test is 
made by a special high speed camera 
through a quartz window in one end of 
the machine. At the rate of 10,000 frames 
per second, it photographs the combus- 
tion reactions as they take place. The 
new film, “Fundamentals of Fuel 
Knock,” contains sequences from a num- 
ber of tests, showing these split-second 
reactions in “slow motion.” 













New Motor Oil Designations 
Are Announced by API 


Adoption of the new API motor oil 
classifications system by the general 
public will depend on the enthusiasm 
with which the oil marketing industry 
adopts and uses it, says M. D. Gjerde 
of the Lubrication Committee of the 
API. This system was worked out by a 
special panel to supplant the old 
“Regular”, “Premium”, and “Heavy 
Duty” in general use for several years. 
The manufacturer must give careful 
attention to recommendation of the 
proper type of his oil for service 
requirements, Gjerde pointed out, and 
must educate his personnel in the use 
of the new classification. 

Work of the two committees resulted 
in the following system of motor oil 
designation adopted by the API on 
April 29 and effective immediately: 

Service MS: Service typical of gaso- 
line or other spark ignition engines 
operating under unfavorable or severe 
types of service conditions, and where 
there are special lubrication require- 
ments for deposit or bearing corrosion 
control, due to operating conditions or 
fuel or engine design characteristics. 

Service MM: Service typical of gaso- 
line and other spark ignition engines 
operating under moderate to severe 
service conditions, but presenting prob- 
lems of deposit or bearing corrosion con- 
trol when crankcase oil temperatures 
are high. 

Service ML: Service typical of gaso- 
line and other spark ignition engines 
operating under light and favorable 
service conditions, the engines having 
no special lubrication requirements and 
having no design characteristics sensi- 
tive to deposit formation. 

Service DG: Service typical of diesel 
engines in any operation where there 
are no exceptionally severe requirements 
for wear or deposit control due to fuel 
or to engine design characteristics. 

Service DS: Service typical of diesel 
engines operating under extremely 
severe conditions or having design chart- 
acteristics or using fuel tending to pro- 
duce abnormal wear or deposits. 
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WHAT DO YOU WANT TO PURIFY? 

























There’s an Attapulgus or Porocel adsorbent to fit your process 
technique for removing odors, colors, tastes, moisture, acids, sulfur, 
fluorides and unsaturates from process liquids or gases. Materials 
treated in principal applications are: motor oils and other lubricat- 
ing, specialty, and technical oils; petrolatums and waxes; aviation 
and motor gasoline stocks; kerosene; diesel and heating oils. 


DO YOU HAVE CATALYST OR CATALYST CARRIER NEEDS? 


Attapulgus or Porocel sorptive minerals are recognized standards 
in desulfurization, reforming and isomerization systems—catalytic 
removal of unsaturates—conversion of sulfides to elemental sulfur— 
fluid catalyst applications—as catalyst carrier in copper sweeten- 
ing processes. 


WHAT DO YOU WANT TO DRY? 


We offer a wide range of reliable, thoroughly proved desiccants for 
drying air, hydrogen, carbon dioxide, hydrocarbon liquids and gases. 


SPECIAL GRADES? 


Mine and plant facilities permit prompt and economical production 
of grades meeting individual customer specifications. Our labora- 
tories and technical staffs welcome the opportunity of assisting in 
research, development, design and operating problems. Your 
inquiries are invited. 





“myseaea"” - POROCEL tenrenne” 


Dept. Y, 210 West Washington Square, Philadelphia 5, 


To obtain more information on products advertised see page E-41 C-53 
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REFINING AND 


> William A. Williams, of Montreal, 
Canada, has been selected by Standard- 
Vacuum Oil Company to direct its re- 
fining activities in India. The company 
announced that Williams has been ap- 
pointed chairman and managing direc- 
tor of a new subsidiary now being 
formed to build and operate Stanvac’s 
new $35,000,000 refinery at Bombay. 

Williams has been superintendent of 
Imperial Oil Limited’s Montreal refinery 
for the past two years. He began his 
petroleum industry career in the labor- 
atory at Imperial’s Sarnia, Ontario, re- 
finery in 1934. Thereafter he served suc- 
cessively as senior process engineer, 
manager of the technical service depart- 
ment, and assistant superintendent in 
charge of process operations at the 
Sarnia plant prior to his transfer to 
Montreal in 1950. 


> Weldon Riley Burns has joined Cata- 
lytic Construction Company in its oil re- 
finery division as a senior project en- 
gineer. Burns’ entire career has been in 
the petroleum field since his graduation 
from the University of Oklahoma in 
1933 with a BS in petroleum. His most 
recent association was with the Badger 
Process Division of Stone and Webster 
Engineering Corporation where he 
served as a project engineer. 


> C. J. Francisco has been promoted to 
a newly created post of manager in 
charge of technical activities for Sin- 
clair Research Laboratories, Inc.’s Har- 
vey research center. 

Francisco joined the Sinclair organi- 
zation in 1941, following completion of 
his graduate training at Columbia Uni- 





R. T. Watson 


M. T. Stevens 


>M. T. Stevens has been appointed 
manager of British American Oil Com- 
pany, Ltd’s., refinery at Clarkson, On- 
tario. Since joining B-A in 1935, Stevens 
has managed B-A refineries at Moose 
Jaw, Calgary, and Edmonton. 

R. T. Watson has been named mana- 
ger of the B-A Edmonton refinery. He 
has been associated with various B-A 
refineries across Canada during his 32 
years in the company’s manufacturing 
department. He leaves his post as mana- 
ger of Calgary refinery to accept his new 
appointment. 

C. W. Coote replaces Watson as mana- 
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C. W. Coote 








PROCESSING 


versity. He is the author of several 
patents, involving the processes for the 
production of better and more economi- 
cal petroleum products. 


> Paul F. Swanson has been named 
manager of the process engineering de- 
partment of The M. W. Kellogg Com- 
pany. In his new position, he will be in 
charge of his firm’s large staff of process 
engineers. 

Swanson joined Kellogg 25 years ago, 
immediately upon his graduation as a 
chemical engineer from the University 
of Kansas. He was prominent in the de- 
velopment of the first continuous cataly- 
tic cracking process utilizing the Fluid 
catalyst principle. Most recently, his 
experience has been applied to Kel- 
logg’s part in the development of Fluid 
Hydroforming. This new process is the 





J. B. Godwin H. T. Fuller, Jr. 
> J. B. Godwin, H. T. Fuller, Jr., Harold 
Ezell, and J. E. Perkins, all from Mag- 
nolia Petroleum Company’s Beaumont, 
Texas, refinery are being temporarily 
transferred to Coryton, England, by 





R. M. Donald 


ger of the company’s Calgary refinery. 
A graduate of the University of Alberta, 
Coote joined B-A in 1944. For the past 
four years he has been assistant mana- 
ger of the Calgary refinery. 

The company also announces the ap- 
pointment of R. M. Donald as assistant 
manager of the Calgary refinery. Since 
joining B-A 17 years ago after gradu- 
ating from the University of Saskatche- 
wan, Donald has served in various capac- 
ities at the Moose Jaw and Clarkson re- 
fineries. Most recently he was super- 
intendent of the company’s Turner Val- 
ley absorption plant. 
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Paul F. Swanson 


result of extensive development work 
by Standard Oil Development Com- 
pany, Standard Oil Company (Indiana), 
and Kellogg. The first Fluid Hydro. 
forming unit, under construction by 
Kellogg in Louisiana, will be finished 
this summer. Engineering has been com- 
pleted on two others. 


J. E. Perkins 


Harold Ezell 


Socony-Vacuum to help put a new 20, 
000-bbl a day refinery “on stream.” Mag- 
nolia and Socony-Vacuum are affiliated 
companies. They will form an operating 
team in starting up the English refinery 
and training personnel to take over after 
a two-year breaking in period. The Cory- 
ton plant, situated on the Thames River 
estuary about 20 miles from London, is 
currently under construction. 

Godwin, process superintendent at 
Beaumont refinery, will act as plant 
superintendent at Coryton. Fuller will 
be assistant refinery superintendent in 
the new English plant. Ezell, assistant 
foreman of the Beaumont lube plant, 
takes over in England as operating fore- 
man for lubricating oils. Perkins will 
work in England as operating foreman 
for petroleum light ends. Godwin and 
Fuller are due in New York the end of 
June to make the trip to England by 
boat. Ezell and Perkins will leave early 
in August. 

The new Coryton plant, predomi- 
nantly a lubricating oil refinery, wil 
cost in the neighborhood of $40,000,000 
when finished. It has deep water docks 
to accommodate any size tanker and will 
produce its own steam and electricity. 
About 7,500,000 bbl of crude oil will be 
run through the plant yearly, producing 
approximately 70,000 gal of lubricating- 
stock oils daily. Employees will number 
close to 700. Ultimately the refinery will 
have solely English personnel. 
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»> D. T. Shaw has been named manager 
of the Philadelphia, Pennsylvania, re- 
finery of The Atlantic Refining Com- 
pany. He became associated with At- 
lantic in 1929 in the research and de- 
velopment department and moved to the 
refinery in 1937, where he has served as 
assistant manager since 1945. 

John S. Patchin is named assistant 
manager of the refinery. He has been 
superintendent of the refinery’s me- 
chanical department since 1950, and has 
served in various supervisory capacities 
since he became affiliated with the com- 
pany in 1920. 

Shaw received an AB degree at Ober- 
lin College in 1914, and an MA degree 
at Brown University in 1916. Patchin is 
a graduate in mechanical engineering 
of New York University. 


» Frederick H. MacLaren of Munster, 
Indiana, was honored by Ohio State 
University at its spring convocation by 
being awarded the professional degree 
of chemical engineer. Candidates for 
the professional degree are selected by 
the university from among its alumni 
“in recognition of engineering ability 
and accomplishments of a high order.” 
Only four such degrees were awarded 
this year. 

Since his graduation from Ohio State, 
MacLaren has been associated with the 
research department of Standard Oil 
Company (Indiana), where he is now 
group leader in charge of research on 
waxes and asphalts. 


>John C. Dean, manager of the indus- 
trial division, lubricating department, of 
Socony-Vacuum Oil Company, Inc., has 
been named foreign trade department 
staff advisor responsible for lubricating 
and allied products. Gilbert C. Kellers- 
man, manager of the industrial district 
of Socony-Vacuum’s lubrite division, 
succeeds Dean. while Robert D. Cross, 
manager of Socony-Vacuum’s south- 





oS 





eastern industrial district, will replace 
Kellersman at the lubrite division. 

H. Fiske Tarbox will assist Dean, 
particularly in connection with overseas 
marketing, and W. S. Delafield will re- 
main responsible, under Dean’s super- 
vision, for the coordination of supply 
requirements of foreign marketers. 


> W. A. Schlueter, president of Refinery 
Supply Company of Tulsa, Oklahoma, 
and vice president of Central Scientific 
Company, Chicago, was presented with 
a medal for helpful instrument service 
in the natural gasoline industry, at the 
Natural Gasoline Association of Amer- 
ica meeting in Houston recently. 

Schlueter’s contribution to the stand- 
erdization of testing methods in the 
petroleum industry goes back over 40 
years when he helped develop the Say- 
bolt chronometer, the Saybolt viscosi- 
meter, the Tagliabue open cup flash and 
fire tester. Since that time he has pat- 
ented many valuable items including 
the R. S. specific gravity gas balance, 
the AC-ME recording gravitometer, and 
others. 


> Dr. John J. McKetta, Jr., has been 
named editorial director of the Petro- 
leum Refiner, Gulf Publishing Company, 
Houston, Texas. He was formerly a pro- 
fessor in the department of chemical 
engineering at the University of Texas. 


> Dr. Foster Dee Snell, president of 
Foster D. Snell, Inc., was presented the 
Honor Scroll Award by the New York 
Chapter of the American Institute of 
Chemists at its annual meeting. Dr. 
Gustav Egloff, director of reseach of 
Universal Oil Products Company, spoke 
on the subject, “Foster Dee, As I Know 
Him.” 

Dr. Egloff mentioned the many devel- 
opments and accomplishments of Dr. 
Snell who began his consulting business 
as a part-time endeavor along with his 
teaching at City College of New York 


Personals 


and Pratt Institute in the early 1920's. 
The organization, today, is composed of 
120 persons, comprising a ten story 
building in Manhattan, another building 
in Bainbridge, New York, and a divi- 
sion in Mexico City, as well as associates 
in principalities throughout the world. 

Karl M. Herstein, president of Her- 
stein Laboratories, presented the scrol! 
which is awarded annually to a chemist 
making an outstanding contribution to 
his profession. 


> Ben C. Hayton has been appointed a 
representative on the sales department 
staff of Jefferson Chemical Company, 
Inc. After a short period of preparation, 
he will establish a company sales office 
in Houston, Texas. 

Hayton, who received a BS in chemi- 
cal engineering from Rice Institute in 
1945, joined Jefferson in 1946, and until 
recently was an engineer in the technical 
and research department. 


> George H. Dent has been named divi- 
sion engineer of The Asphalt Institute, 
with supervisory duties over Division | 
of the Institute’s field engineering staff. 
His office continues at Mills Building, 
Washington 6, D. C. 

Division 1 includes New England, the 
balance of the Atlantic Seaboard, and 
the states of Tennessee, Alabama, Mis- 
sissippi, and Louisiana. This territory is 
serviced by five district offices, staffed 
by Institute engineers in Boston, New 
York, Washington, Atlanta, and New 
Orleans. 

Dent, who has directed local Institute 
engineering activities in his district from 
headquarters in Washington, D. C., since 
his appointment in 1941, is the senior en- 
gineer in point of service of the entire 
field engineering staff. He is a member 
of the Highway Research Board (Asso- 
ciate), ASTM, Asphalt Paving Tech- 
nologists, American Military Engineers, 
and Society of Professional Engineers. 











Spectrographic Analysis Symposium Held. Nearly 100 
representatives from 50 railroads in all parts of the U. S. and 
Canada attended a two-day symposium at Schenectady, New 
York, recently, as guests of the American Locomotive Company. 
Subject of the symposium was the use of the spectrograph in ana- 
lyzing diesel engine lubrication oil to detect and prevent serious 
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engine trouble. Chairman of the conference was H. R. Sennstrom, 
Alco research and testing engineer, who gave a detailed descrip- 
tion of Alco’s own spectrographic work over the past several 
years. The spectrograph, as used in railroad applications, is a 
device that makes a photographic record of metallic elements in 
oil removed periodically from diesel engine crankcases. 
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DIRECT ROUTE TO LOWER 
PLANT MAINTENANCE 


The direct and indirect expense of 


replacements of short-lived refinery pipe lines 
can be reduced, or avoided altogether, 
by the use of cast iron pipe. This has been 
proved by many refineries whose maintenance 
costs have been lowered by replacing 
other pipe materials with cast iron. 
A relatively low first-cost material, cast iron 
pipe is usually cheapest in the end, for many 
refinery applications, because of its stubborn 
resistance to corrosion. Available with 
bell-and-spigot, plain end and flanged, or 
with standardized mechanical joints. 
Cast Iron Pipe Research Association, 
Thomas F. Wolfe, Engineer, 
1015 Peoples Gas Bldg., Chicago 3, Illinois. 


VAST TRON PIPE 


FOR LONG LIFE AND ECONOMY 
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Chemical installation at new Ethyl plant on Ship Channel. 


New TEL Plant Built at Houston by Ethyl 


Operation of a new tetraethyllead anti-knock compound plant 
17 miles from downtown Houston, Texas, on the Ship Channel 
was begun several weeks ago by Ethyl Corporation. The new 
plant covers 80 of the 400 acres in the tract on which it is sit- 
uated, leaving plenty of room for future expansion. 

This unit adds about one-third to the capacity of the company 
for the production of TEL, the older plant at Baton Rouge being 
considerably larger at present. Corresponding increases in ca- 
pacity for producing metallic sodium, chlorine, and chlorine- 
organic compounds are included, also. 

Sodium chloride, or ‘table salt,’ is electrolyzed in special cells 
to yield sodium metal and molecular chlorine, both being em- 
ployed in the manufacture of tetraethyllead, primary constituent 
of anti-knock compounds. The electrical capacity of the plant 
equals the normal consumption of current by a city of 100,000 
population. Incoming current at 66,000 v is ‘stepped down’ by 
28 transformers, being reduced to as low as 6 v. Ten mercury 
arc rectifiers convert alternating current to direct current for 
use in the electrolytic cells and elsewhere. 

A laboratory costing some $300,000 controls and checks on 
all manufacturing processes. The entire plant requires the 
services of about 1000 employes. The plant has its own laundry 
and work-clothing dispensing facilities, all housed in the 
Administration Building. Elaborate water treating facilities are 
installed, process water is obtained from the Ship Channel 
and from four local wells; all water is specially treated after 
use and before returning it to the Channel. Among other units 
included is a refrigeration plant of 825 tons capacity. The 
largest single building in the plant is the T-shaped sodium 
building, where incoming brine is filtered and evaporated, 
being processed to yield sodium metal and gaseous chlorine. 


DPA Tax Write-Offs 


One hundred and ninety new certifications for fast tax write- 
offs were issued by the Defense Production Administration at 
the end of the week of May 29. Chemical producers received 
write-off allowances on about $60,000,000 of new facilities. 

Largest single certificate went to American Petrochemical 
Corporation, who received permission to write off 50 per cent 
of $26,640,00 worth of new facilities over a 5-year period. 


Estimated Per 
cost cent 


Name of company 


Lecation of facilities Product or service 


American Petrochemical Corp. 
Lake Charles, La. vinyl, ethyl chloride $26,640,000 


Jefferson Chemical Company, Inc. 
Port Neches, Texas ethyl oxide 


50 


$18,700,000 = 50 
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Lining up 30-in. pipe to make final tie-in on Gulf of Coro marine crossing. 


Lightline Presented Varied Problems 


Installation of Lake Maracaibo and Gulf of Coro marine 
crossings were salient features of Shell's Venezuelan project 
—Much of land lines laid aboveground on concrete skids 


—— OO ee Ue.) 
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FRANK H LOVE* 


EXCLUSIVE 


O NE of the important and interesting 
foreign pipe line projects, the joint 
venture in Venezuela of Shell, Texas, 
and Mene Grande but constructed and 
operated by Shell Caribbean Petroleum 
Company, was completed in March and 
pumping begun with temporary equip- 
ment. The one permanent pumping sta- 
tion began operation on April 15. 

The new system, appropriately 
known as the Lightline because it trans- 
d ports a lightweight grade of crude oil. 

extends 162 miles from Palmarejo de 
! Mara, approximately 9 miles north of 
t the city of Maracaibo, to the Shell re- 
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*Editor, Oil and Gas Pipelining 





Pipe used in the Gulf of Coro 
crossing was given a 2%-in. coating a 
of Gunite over a double coating 94 

of bitumens and glass fiber wrap as, 

































































finery at Cardon and the Mene Grande 
Company’s terminal at Las Piedras, 
both of which are on the Paraguana 
Peninsula. 

Constructed of 30-in. pipe, except for 
the Lake Maracaibo crossing, the system 
will have an initial pumping capacity 
of 235,000 bbl a day and can be in- 
creased to 290,000 bbl a day by install- 
ing additional equipment at Palmarejo 
de Mara. 


The single pump station is situated at 


Launching a 2200-ft section of 30-in. pipe on Gulf of Coro crossing, floating it out from the Paraguana, Peninsula. 


Palmarejo de Mara, where three 1750- 
hp V-12, dual-fuel engines were in- 
stalled. They drive centrifugal pumps 
through speed increasers. Auxiliary 
electric power is provided by three 500- 
kw generating units. 

An existing tank farm at Palmarejo 
de Mara is being utilized to receive 
crude oil from producing fields in the 
Mara-Maracaibo district before it en- 
ters the station suction. 

The 30-in. pipe for the main line is 


Coating and wrapping 20-in. pipe at Punta Palmas. 
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Grade X52 and has wall thickness vary- 
ing from 5/6 in. to 4 in. The two par- 
allel 20-in. lines laid across Lake Mara- 
caibo are Grade B seamless with a wall 
thickness of 34 in. 

A salient feature of the Lightline proj- 
ect was the installation of two major 
marine crossings—Lake Maracaibo and 
the Gulf of Coro—which required spec- 
ial meteorlogical and engineering stud- 
ies as well as an essential knowledge of 
this type of construction. 

The Lake Maracaibo crossing con- 
sists of two 20-in. lines, each 5.05 miles 
in length. These lines were trenched-in 
for two reasons: (1) To protect the 
coating from barnacles and toredo, a 
marine borer (which require a minimum 
covering of 2 ft), and (2) to place the 
pipe below possible damage from ship- 
ping. 

The pipe was laid from a barge after 
it had been given a double coating of 
bitumen and double glass wrap and 
welded into 200-ft sections on shore. The 
barge was constructed from a Mulberry 
Pier-head that had been used by the 
armed forces as temporary piers for un- 
loading military supplies for the inva- 
sion of Europe during World War II. 
The extremely heavy weight of this 
barge, which measured 60 ft by 210 ft. 
enabled it to withstand the roughest 
weather and provide a stable working 
platform. In fact, it was so stable that 
with planking placed on the deck trac- 
tors could work thereon almost as eas- 
ily as on solid ground. 

A launching chute was cut through 
the stern of the barge, and a bell hole 
was built into the aft where workmen 
welded and coated the pipe joints. 

The barge itself carried a one days 
supply of pipe aboard, and a service 
barge operated between the pipe yard 
on shore and the laying barge to bring 
out additional stock. 












i, 


is 4 3 ‘ 
Power units being installed in the Palmarejo station. There are three of these 1750 hp 
V-12, dual fuel engines to drive centrifugal pumps. 


Driving piling in the Gulf of Coro. Because of the roughness of this body of water it was necessary 
to install guide piling in double rows to control the pipe and floating equipment. 
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The laying barge was operated 
power winches working off the four 
ners, pulling forward on the fore win: 
es and paying out on the aft winc! 
in the customary manner. In this 
the pipe was launched. Once begun, ‘::e 
pipe was laid straight across the la. 
in one direction only, the rate of layi, 
being from 500 to 700 ft daily, with 
days required to install each of the lin 

The water in Lake Maracaibo, where 
the pipe line crossing was made, attains 
a depth as great as 52 ft; a trench ; 
least 9 ft deep was dredged, into whi 
the pipe was placed, and adequ 
depth is maintained to permit a { 
shipping channel of 40 ft depth. 

Although the Gulf of Coro crossing 
shorter than that of Lake Maracai) 
it presented greater problems becau 
of wind, waves, and tide. Here a single 
30-in. 19,800-ft line could be laid un- 
covered on the floor of the Gulf because 
there is no navigation. in this body of 
water. The pipe as laid was protected 
by a 214-in. thickness of reinforced Gun- 
ite over a double coating of bitumens 
and glass fiber wrap. Determining the 
exact thickness to apply the Gunite was 
an engineering problem in itself. Inas- 
much as the pipe was floated into a po- 
sition, it could not be made negative. 
On the other hand, it had to be sub- 
merged sufficiently that waves would 
break over the top of the pipe and not 
against it. To accomplish this it was 
necessary that the pipe be floated with 
about 214 in. of freeboard. The weight 





Heat exchangers and manifold equipment. 


Left, launching chute with bell hole in aft of laying barge Lake Maracaibo operations. At right, pipe entering the 
where workmen welded and coated the pipe joints during waters of Lake Maracaibo from stern of laying barge. 
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Line pipe construction is big business and 
Master Tank and Welding has the facilities and 
experienced personnel to manufacture Hi-Test 
API 5LX Expanded Line Pipe. Limited ton- 


ACRES of Line Pipe Production 


Another train load of 26” Master Line Pipe on 
its way to its destination. 


- te) 


Can we assist you? 


nage available. Let us book your requirements. 

Call, wire, or write us your specifications. 
Our sizes range from 20” through 30” in sec 
tions 30’ to 3114’ long. 


Master Tank and Welding invites you on a conducted 
tour through their plant any time you are in Dallas. 


Line Pipe Division 








UAL CS 


DALLAS, 








P. O. Box 5146 e 
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Special centrifugal pumps were installed 
in the Palmarejo pump station. There 
are three 14 by 14, double volute, 
double suction units, driven through 
step-up gears by dual-fuel engines. The 
pumps operate in series. Singly they 
have a capacity of 8500 gal per min 
at 720-ft head and 2500 rpm. 


Placing asphalt on the elevated road 

on the Isle de Chique Agua. Building of 
this road through lowlands was 
essential to construction of pipe line. 


of the pipe as launched was 353 lb per 
foot. 

On shore, the pipe joints for the cross- 
ing were coated with bitumen. and 
wrapped with glass fiber. Then rein- 
forcing wire was secured about the pipe, 
and Gunite was applied with a hose and 
nozzle. These joints were welded into 
2000-ft sections, and the first section 
with a bull-plug in the end was floated 
out into the Gulf. The next 2000-ft sec- 
tion was tied-in on land after which the 
entire assembly was pushed into the 
water by means of sideboom tractors. 
This procedure was continued until 17,- 
©06 ft had been pushed from one side. 

To avoid danger of ramming the soi! 
near the opposite shore and buckling 
the long floating line. 2200 ft of pipe 
was welded and fivated separately io 
the opposite shore. The tie-in weld was 
made over water from a welding stage. 
Both ends were lifted above the water 
by floating cranes and tied with cables 
to H-frames made by driving and cap- 
ping piling. When the final tie-in was 


Welding operation on the 
elevated roadway at the approach of 
the Gulf of Coro crossing. 
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at the Anthony Station of Magnolia Pipe Line... 


of elapsed time 


for 11 years...that’s Alco dependability 


On-the-job performance—the toughest test of all shows 
what Alco Standardized Diesels can do. Two of these 
engines installed at the Anthony Station of the Magnolia 
Pipe Line have each rolled up over 90,000 hours of 
operation since installation. They have run as much as 
94.9% of the elapsed time in a single year. 


In addition to this kind of performance, pumping sta- 
tion superintendents also like Alco Standardized Diesels 
because of their economy: 


@ Compactness for lower construction costs 

@ Higher engine efficiency for lower fuel costs 

© Medium speed for lower auxiliary equipment costs 
© Flexible power range for lower expansion costs 


in the last ten years more Alco Diesel Engines have been 
installed in oil pipe line pumping service in the United 


States and Canada, than any others. To find out how they 
can help you, contact your nearest American Locomo- 
tive Company Sales Office at Beaumont, Chicago, 
Cleveland, Houston, Kansas City, New York, San 
Francisco, Schenectady or St. Louis. 





in step with tomorraw—A ico Aircooters, Heat Exchangers, Evaporators, Feedwater Heaters, Pressure Vessels, Pipe 
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Cleaning 20-in. pipe at Punta Palmas. 


X-ray testing of welded joints. 


Lowering-in a section of the land lines that were buried. A considerable 
part of the system was laid aboveground on concrete skids. 
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completed, the line was sunk to the 
floor of the Gulf by admitting water 
through a valve provided for that pur- 
pose. 

After the pipe was on bottom, in wa- 
ter that sometimes was 20-ft deep and 
averaged 10 ft, it was given additional 
weight by concrete saddles laid over ihe 
pipe. The airweight of these saddles is 
3700 lb and they are spaced on 25-ft 
centers to provide negative buoyancy 
and greater resistance against the flow- 
ing tide. 

The Gulf of Coro is an extremely 
rough body of water, as mentioned, with 
waves at times attaining a height great- 
er than 5 ft. To control the pipe and 
floating equipment, it was necessary to 
install guide pilings in double rows. 
The rows were spaced relatively close 
together and prevented the pipe from 
deviating from its course to any great 
degree, or getting out of control and 
possibly causing a break. The end of the 
pipe string after a push was tied to one 
of the pilings to hold it in place. 

A precautionary measure taken on 
both the Maracaibo and Coro crossings 
was the X-raying of all welded joints. 
After the crossings were completed, hy- 
drostatic tests were made. The lines 
across Lake Maracaibo were tested at a 
pressure of 1200 psi, and the Gulf of 





BOURDON TUBE MATERIALS 


MAKE iT EASY TO SELECT THE RIGHT 
ASHCROFT DURAGAUGE FOR YOUR PARTICULAR NEEDS 


Phosphor Bronze 

S.A. E.4130X Alloy Steel 
S.A.E.4650 Alloy Steel 
“K” Monel 

Type 316 Stainless Steel 
Type 347 Stainless Steel 
Type 431 Stainless Steel 
Beryllium Copper _ 


Service conditions and requirements determine what 
Bourdon Tube material is best in the pressure gauges you 
buy. To insure sustained accuracy and maximum dura- 
bility in specific installations, Ashcroft Duragauges are 
available with Bourdon Tubes in any one of the 8 listed 
materials. 


All Bourdon Tubes used in Ashcroft Duragauges are 
extra-wide—have greater sensitivity to slight pressure 
change. Pulsating pressures 50% higher than the tube 
rating remove any possibility of tube “set’’, and all tube 
joints are stress relieved after assembly. You can select 
with complete confidence that your Duragauges will serve 
accurately under the working pressures and corrosive 
conditions common to your operations. 


Ashcroft Duragauges have other features important to 
you. The Nylon Movement* outwears all others. Un- 
usually long tip travel assures greater accuracy of indica- 
tion. The micrometer adjustment pointer can be reset 
while on the shaft. Precise recalibration of gauges in the 
field is easy. Sturdy lifetime cases, in a choice of materials 
are available for stem, wall or flush mounting. 


The nearby Ashcroft Distributor will gladly help you 
choose the right Duragauges for your particular service. 
* Patented 


A product of MANNING, MAXWELL & MOORE. INC, stratrorD, CONNECTICUT 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘HANCOCK’ VALVES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN’ INDUSTRIAL INSTRUMENTS. BUILDERS OF ‘“‘SHAW-BOX’ CRANES, ‘BUDGIT’ AND 
‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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Setting the 1750-hp, V-12, duel 
‘ fuel engines at the Palmarejo de Mara 
Construction scenes of the 


ie tation, the only stati 
SHELL CARIBBEAN PETROLEUM CO.’S oe. : wags e : Sitios 
a f on the 162-mile pipe line system. 
VENEZUELAN CRUDE OIL PIPELINE gts ; 
A Williams Brothers Spread Crew at Work i 


Coro line was pressured to 900 psi. 
Water used in the tests was displaced by 
inserting plugs ahead of the oil stream 
when pumping began. 

Another interesting feature of Light- 
line is the fact that 142 miles of pipe 
was laid above ground. Approximately 
100 miles of the section from Punta 
Palmas on the east shore of Lake Mara- 
caibo to the Gulf of Coro was placed on 
concrete skids spaced on 25-ft centers. 
This facilitated construction and will 
help to reduce corrosion problems. Be- 
tween the pump station at Palmarejo de 
Mara and Lake Maracaibo, a distance 
of 414 miles, in rather well-developed 
country, the pipe was buried. 

What might be called an auxiliary 
construction project, but one that was 
vital to the laying of the line, was the 
building of an elevated asphalt-topped 
road across the Salinas and sand spits 
— along the south side of the Gulf of Coro. 
At high tide water washes over the Sa- 
|  linas, receding at low tide and leaving 

More Proof that the terrain in a condition that makes it 
difficult, if not impossible, to work. je 

. « ’ . es elevated road was the answer. The fact 
“Pipelines are NOT Sidelines that the road is 13 miles long and ap- 
proximately 3 ft high, and the further 

. fact that much of the spoil had to be 

+ hauled a considerable distance, indicate 
with — the proportions of this undertaking. A 
further difficulty in building the road 
was the necessity of filling in the water 
gap between the Salinas and the sand 
spit, which was 840 ft long, 68 ft wide, 
and 9 ft deep. This fill was made with 
rock before the road could be put down. 

WILLIAMS BROTH ERS | Four contracting firms were con- 

| cerned with the construction of the pipe 

line project. Gahagan Overseas Con- 

ENGINEERS struction Company dredged the trenches 

——_. across Lake Maracaibo; Mahoney Con- 
CONTRACTORS NEW YORK | 


tracting Company installed the marine 








: crossings; Williams Brothers of Vene- 
Oil—Gas—Products—Water AAT | mela laid the land lines, and Macco- 


. f : : : 
Pipelines and Pumping Stations LOUISVILLE Pan Pacific erected the pumping station. 
The elevated road was constructed by 


CARACAS @ MARACAIBO @ BOGOTA e LA PAZ two local firms, Grant Foster and Mara 








LE caibo Towing Company. 





To obtain more information on products advertised see page E-41 THE PETROLEUM ENGINEER, July , 1952 
















STEAM 
TO PROCESS 


CONDENSATE ~ 
FROM PROCESS 


GAS FROM FIELD 
OR PROCESS PLANT 
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GAS TO PIPELINE 
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for oil and gas fields 





Outdoor unit eliminates building 
cost, generates low-cost steam, 
can be easily re-located 


Latest suggested applications for General Electric’s versatile 
5000-hp combustion gas turbine is in field gathering and to 
increase the flow of gathered gas to processing plants. 


There are three immediate advantages. First, no building is 
needed. Both the adjustable-speed gas turbine and the centrifuga! 
compressor are designed for outdoor installation. Second, this 
compact G-E power plant can be moved easily from depleted 
fields to new fields. (A single rigid bedplate permits handling 
of the turbine with only a crane.) Third, each turbine can also 
generate as much as 30,000 lbs of 225-psig saturated steam at 
very little cost. 


Cuts total yearly costs 


Because less personnel is required than with other types of drives, 
yearly operating costs of a gas turbine driven centrifugal-com- 
pressor are very low. Maintenance costs are exceptionally low, 
too. The comparatively few moving parts of a gas turbine are all 
rotating. As a result, maintenance is mostly a matter of periodic 
inspection. Standard-type auxiliaries and accessories are con- 
veniently located to simplify replacement. In addition, the gas 
turbine can provide up to 25% more horsepower in winter, 
when demand is greatest. 


Available now 


In a large Western gas and electric utility, one G-E combustion 
gas turbine has already logged-in more than 20,000 hours of 
operation. Another has been driving a locomotive for over tw 
years. A number of others are being installed for gas pipeline 
pumping. Now their unique advantages are ready to be supplied 
to field gathering, natural gasoline and cycling plants, and 
repressuring projects. Your G-E representative will be glad to 
discuss your applications with you. 


FOR YOUR INFORMATION, a 16-page illustrated booklet 
gives you the full story about G-E’s combustion gas turbine. Call 
your nearest G-E Sales Office for your free copy of Bulletin GEA- 
5530, or write Section 661-31, General Electric ro Sche- 
nectady 5, N. Y. 


Combustion Gas Turbines for the Petroleum Industry 


GENERAL @@ ELECTRIC 
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ls order to maintain station equipment 
in top operating condition virtually al] 
gas pipe line transmission companies, 
and for that matter oil pipe line com. 
panies as well, have a regular schedule 
for engine overhaul. By adopting such 
a policy nothing is left to chance, and 
frequently worn machine parts are 
found and repaired before they have an 
opportunity to cause damage and reduce 
efficiency. 

Although procedures in making an 
engine overhaul follow a similar pat- 
tern generally speaking, there are some 
variations among companies. With the 
thought that one company’s method may 
suggest something to the mechanical 
departments of other companies, this 
article describes and illustrates the va- 
rious steps taken recently in making an 
overhaul at the Palmyra, Nebraska, 
compressor station of the Northern Nat- 
ural Gas Company. 

When taken off the line the No. 3 
compressor unit at Palmyra had been 
running 7202 hours, or about 300 days, 
without a rest. 

The overhaul began on an assigned 
date according to a schedule prepared 
at the main office of the company in 
Omaha. Northern Natural begins its 


Va. 


A general view of the unit undergoing overhaul. 


Overhauling a Compressor Engine 


A regular schedule for cleaning, inspecting, and repair assures 
maximum operating efficiency and minimum downtime 


Crewmen begin the overhaul procedure. Dismantling the engine. 
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% 
EXPERIENCED LEADERSHIP WITH ECCO 





™ Lee Vaughan, ECCO partner, superintends all 

, for ; Wb = b line-laying and related field operations, on your 

Rig oe ey Se = ob, whether large or small. His extensive pipeline 

; yi construction experience, plus the ability of ECCO 

crews, assure you satisfactory, efficient operation 
“on your line.” 


eS pee 


For “Completions to your Specifications”, rely on 
ECCO’s experience, coordination and practical 
application for your pipeline job. 


. ° ok 
ngineering fanstructn fampany 


NORTH CHEYENNE AVE., ‘TULSA, OKLAHOMA 


LEE VAUGHAN, PARTNER =e RUSSELL D. MAY, PARTNER 
BRANCH OFFICES: ULYSSES, KANSAS © @ LENOIR, CITY, TENNESSEE 
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Pulling the huge piston. 


program of overhaul in March or April 
each year and continues it through the 
summer months when demand for nat- 
ural gas is lowest. In this way the en- 
tire system is assured of being in good 
running order for the peak load in win- 
ter months. 

Shutting down, cleaning, inspecting, 
and making minor repairs on a 1600- 
hp, 125-rpm compressor engine—such 
as the one at Palmyra—cost approxi- 
mately $1500, mostly for labor. A break- 
down or major repair would cost con- 
siderably more, however, to say nothing 


Crewmen are shown through the main crosshead. 
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ODED LEE CEE 


Cleaning the piston. 


of the loss of gas throughput, so it is 
money well spent. 

Before the actual overhaul is begun, 
Northern Natural supervisors devote 
many days to advance planning, mak- 
ing preparations that will result in the 
job being accomplished in the short- 
est possible time without jeopardizing 
the efficiency with which it is done or 
the system load conditions. The pro- 
cedure is plotted in detail so the sta- 
tion supervisor will have the necessary 
men and materials on hand at the 
proper time. In addition to the skilled 


crew of two mechanics and five regular 
full-time compressor employees, four 
extra workers are employed at each sta- 
tion. The man-hours required to over- 
haul all units in a station is a staggering 
number. For example, 6952 man-hours 
were required last year during a major 
overhaul at Bushton, Kansas. 

Before actual repair work could be- 
gin, at Palmyra, the engine had to be 
taken off the line, of course. Water cir- 
culation within the unit was stopped, 
the ignition was cut, the engine shut 
down, and all connecting lines closed 


**Milking’’ the power cylinder bore. 
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ALCO AIRCOO 


SOLVE ALL 


COOLING PRCBLE! 
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In a typical high-pressure gas compressor station, two 
ALCO Aircoolers shown in the illustration perform 
four major cooling duties: (1) engine lube oil cool- 
ing (2)engine jacket water cooling (3) gas intercool- 
ing (4) gas aftercooling. 


Versatile ALCO Aircoolers are particularly effective 
in this type installation because they are designed to 
give long, efficient performance. Such troubles as 
scale, costly water treatment and other cooling 
problems are eliminated. 


The heart of the ALCO Aircooler is the ALCO fin 
tube, which provides an extended outside surface for 
maximum heat transfer efficiency, coupled with low 
air-flow resistance for economy in operation. A con- 
tinuous helically wound copper fin 1s bonded to the 
tube with lead-tin alloy, and the external tube surface 
is coated with this alloy to improve atmospheric cor- 
rosion resistance. The entire unit is quickly and 


easily assembled in the field. 


To put all these money saving features to work for 
you, call your nearest ALCO Sales Engineer at 
Beaumont, Chicago, Houston, Los Angeles, New 
York or Tulsa for more information or 


Send Coupon for ALCO Aircooler Bulletin. 
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ALCO PRODUCTS DIVISION. 
AMERICAN LOCOMOTIVE COMPANY 


Plants: Dunkirk, New York © Beaumont, Texas 


In step with tomorrow— ALCO Aircooters, Heat Exchangers, 
Evaporators, Feedwater Heaters, Pressure Vessels, Pipe 


ALCO PRODUCTS DIVISION 
AMERICAN LOCOMOTIVE COMPANY 
Schenectady, N. Y. 


Gentlemen: Please send me the ALCO Aircooler Bulletin. 


Company 


Address 








Reassembling the compressor cylinder. 


and checked. Then the crew began to 
dismantle the unit. 

The hoods and piping were removed 
to gain access to valves and power 
cylinder heads, compressor heads and 
pistons were pulled, to mention only a 
few of the parts taken out in the dis- 
mantling process. 

Each major part of the unit was 


Reseating an exhaust valve. 


thoroughly inspected and tested, and a 
report made on each item. This report 
formed the basis for determining which 
parts should be repaired and which re- 
placed. 

All parts were cleaned and worn parts 
were either replaced or sent to the shop 
for machining. Exhaust valves were 
ground and reseated. Crossheads were 


The overhaul completed, the unit is back in operation. 


RU LBA BS Poo Saet 
i. 


checked, as were bearings and bush- 
ings and the main bearing. Worn 
gaskets were replaced. No. 3 unit took 
a couple of days longer than usual to 
overhaul, as two power cylinders had 
to be replaced. : 

Nine days and 968 man-hours after 
the task began the engine had been re- 
assembled and was ready to go back on 
the line. Then came the final job of 
“starting up.” 

As the engine had just been reassem- 
bled, it was certain that it was not 
“loaded,” that is, no gas load was in 
the compression cylinder. Water was 
circulated and the unit was turned on. 
When the right amount of momentum 
was established, the engine fuel was 
cut in and the starting air was shut 
off. The engine was then allowed to idle 
while it was completely checked. This 
idling was necessary, also, in order for 
the engine to become “broken in” again 
after the overhaul. Finally, the natural 
gas load was turned into the compres- 
sion cylinder and the engine was back 
on the line. In all, the unit was out of 
service 11 days. 

That Northern Natural’s system of 
overhaul is effective, and its workmen 
efficient, is attested to by the fact thal 
last year its 157 horizontal and vertical 
compressor units operated at 90.3 per 
cent of maximum capacity. 

For the information contained in this 
article, and photographs, we are in- 
debted to the staff of Northern Natural 
News, publication of the Northern Nat- 
ural Gas Company. kek 
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Whether you’re running transmission lines for crude 
or natural gas across a lease or a continent the 
big Buckeye Model 51 gets them in faster and at 
the lowest possible cost! . . . Tough shales, gumbo, 
gravel, caliche or scoria can’t stop it and, in easier 
going, you'll set top digging speeds hour after hour. 





Buckeye’s “51” digs a level ditch up or down a 
gtade, up to 51 inches in width. It is simple to oper- 
ate and maintain — has every safety feature. For 


For the Distribution Lines... 9 set work om the big jobs... 


product lines, gathering lines, short loops, See your Nearest Buckeye Dealer... 
tank farm hookups and gas distribution mains THE BOARDMAN COMPANY 

Buckeye offers a complete line of utility ma- Oklahoma City and Tulsa, Okla. 

chines in width and depth capacities to handle BOEHCK ENGINEERING CO. 

any ditching problem. Houston, Texas 


BURAN EQUIPMENT COMPANY 
GAR WOOD FINDLAY DIVISION Oakland, California 


EXECUTIVE OFFICES SHAW EQUIPMENT COMPANY 
WAYNE, MICHIGAN Dallas, Texas 


and other dealers throughout 


INDUSTRIES Buckeye Vv | the U.S.A. and foreign countries 


Construction Equipment: Excavators, Scrapers, Dozers, Ditchers, Spreaders, 
Ditchers e« Spr e H rs Finegraders, Truckmounted Road Graders. Truck Equipment: Dump Truck 
P eaders Finegrade Bodies & Hoists, Winches & Cranes, Elevating End Gates. 
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Compressor engines on concrete foundations. The floor beams are already in place. The air cooler is in the foreground and 
the lube oil storage tank is in the background on the left. The engine air filters have been piped. 


Material Procurement For 
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Compressor Station Construction 


If the purchasing department lags behind, it may be the fault of 
the engineer in charge, who has not made his requirements specific 


Delivery of the equipment listed in 
this article is as of the fourth quarter, 
1951. The sequence of purchasing out- 
lined will not vary appreciably, hew- 
ever, as the delivery of the major items 
in a given industry is relative, and 
usually a change in the availability of 
one article is soon reflected in the avail- 
ability of all equipment. — Author’s 
Note. 


P unrose of this article is to set forth a 
schedule for purchasing and expediting 
compressor station material so that its 
arrival on the job is coordinated with 
construction requirements. The respon- 
sibility for scheduling the material is 
placed on the purchasing department; 
however, without the close cooperation 
of t's engineering, drafting, and con- 
struction departments, the buyer can do 
little to expedite purchasing. The arti- 
cle purposely omits the engineering, 
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CRAIG C. LAZZARI 


design, and construction problems of 
building a compressor station and con- 
centrates solely on procurement. 

The main duty of a purchasing de- 
partment is to seek competitive quota- 
tions and order material so that it will 
arrive on the job site in a predicted 
pattern. The responsibilities of the in- 
dividual buyer are many. He should be 
in constant contact with the suppliers 
and be fully informed on price and de- 
livery changes. The buyer should be en- 
dowed with good judgment to weigh 
price of an object against delivery, for 
it is not always the cheaper products 
that reduce the cost of a project. Other 
intangible assets the buyer should pos- 
sess are ingenuity and imagination, for 
often certain changes and substitutions 
can be made to hasten deliveries and 
thus cut construction costs. A further 


EXCLUSIVE 
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responsibility of the buyer should be to 
assist in expediting. As he is expected 
to give the supplier repeat orders, the 
buyer is in a much more advantageous 
position to make demands than the ex- 
pediter, who may not be connected with 
purchasing. Drafting costs can be cut 
considerably if certified drawings of the 
equipment are promptly available; 
therefore, the buyer should know the 
order in which it is necessary to stipu- 
late delivery of certified drawings as 
well as delivery of the material. Manu- 
facturer’s drawings of equipment such 
as main compressors, air compressors. 
auxiliary generator units, electrical 
switchboard, pumps, cooling tower, and 
heat exchanger equipment are needed 
for layout studies and preliminary take- 
offs. 
Purchase orders should be as com- 
plete as possible, for the purchase order 
has a greater distribution than any other 
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COMPRESSOR BUILDING 


COMPRESSOR BUILDING 
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OLD PIPING AND SHUTDOWN SYSTEM 














YOU NEED REMOTE CONTROL 


When Tennessee Gas Transmission Company 


designed its highly simplified system for tying in 
multi-compressor buildings at its stations, plans 


called for valve operators which could be quickly WEMERGENGY 
. SHUTDOWN 
controlled from any one of several points in 


the area. 


E-I-M Company’s Type G-2 valve controls close 
the main line block valves in less than 15 seconds 
and open the blowoff valves in about five seconds, 


completely and safely shutting down the station Progressive ~ liner: 
specify 
E-l-M Valve Controls 


IciVvin Gompany 


NC 0 RP ORAT EO 


1340 OLD SPANISH TRAIL * HOUSTON 21, TEXAS © MOhawk 4587 
Valve Controls * Speed Reducers * Cooling Tower Drives* Control Valves 


within two minutes after any emergency arises. 
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instrument, including the plant draw- 
ings, and it should be used to dissemin- 
ate information. Long after the job is 
completed, the purchase order will be 
used as a reference by the purchasing 
and the engineering departments as well 
as by the station superintendent. If a 
plant expansion is a possibility, then the 
necessity of a completely written order 
is even more important because of the 
need for duplication of material. Then, 
too, a well written purchase order helps 
the field material man in submitting an 
accurate receiving report. 


Compressors 


In purchasing the material for a com- 
pressor station, the first thought is 
usually given to the compressors. There 
are a few minor points that, if taken into 
consideration initially, will save time 
and avoid revisions during later stages of 
design and construction. A list of stand- 
ard appurtenances as well as special 
items should be well defined in the 
order. The type of ignition, quality of 
compressor rods, piston rings, and speci- 
fications of compressor valves should be 
included, even though they have no 
particular influence on compressor sta- 
tion design. The type of fly-wheel guard 
should be specified if it is to be pur- 
chased from the compressor manufac- 
turer. The suction bottle supports defin- 
itely should be included if the compres- 
sor bottle sizes have been computed. 
Usually the main anchor bolts are sup- 
plied with the compressors. Specific in- 
structions should be given to the vendor 
as to when and where the anchor bolts 
are to be shipped. The compressor oil 
cooler should be selected. It may be 
purchased as a separate item; however, 
most compressor manufacturers are in 
the heat exchange equipment business 
and offer competitive prices. While con- 
centrating on the compressor purchase, 
the following data required by the var- 
ious design departments should be ob- 
tained: 

1. Heat dissipation rates of engine 
jacket, compressor jacket, and lube oil. 

2. Jacket water temperatures in and 
out of engine. 

3. Oil temperatures in and out of en- 
gine. 

4. Oil circulation rate and oil pres- 
sure. 

5. Maximum guaranteed fuel con- 
sumption and required fuel gas pres- 
sure, maximum upstream and down- 
stream of regulator. 

6. Oil capacity of crankcase. 

7. Pressure drop across shell and 
tubes of oil cooler and engine and com- 
pressor jackets at specified flow. 

8. If the compressors are to be sup- 
plied with an individual jacket water 
pump, obtain pump curve. 

Special equipment such as mufflers, 
air filters, and oil filters, though not 
critical at this stage, should be pur- 
chased. They may be obtained from the 
compressor manufacturer; however, a 
contractor usually pays more for the 
equipment purchased through an inter- 
mediate, and sacrifices expediency by 
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The Author 


Craig C. Lazzari joined the Refinery 
Engineering Company as a designer in 
1942, after being graduated from Mich- 
igan College of 
Mines and Tech- 
nology, Hough- 
ton, Michigan, 
with a degree in 
mechanical en- 
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line plants, dehydration plants, and 
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introducing an extra party into the tran- 
saction. The mufflers, especially, are 
subject to revision as the design of the 
station progresses, It is best to place the 
units on order separately with the under- 
standing that the material is to be pro- 
vided, but fabrication is not to begin 
until shop prints have been submitted 
and returned “Approved for Construc- 
tion”. Generally speaking, the mufflers 
will be mounted outside the compressor 
building in a vertical position supported 
either by a skirt or steel structure. The 
only problem, then, besides the selection 
of a muffler with proper acoustical 
qualities, is to correctly specify a bot- 
tom inlet, a low side inlet, or a high side 
inlet. 

The oil filter usually bears no revision 
and may be placed on order for im- 
mediate delivery. The compressor manu- 
facturer should be consulted on the 
selection of the o/] filter, however. The 
air filters do not usually require 
changes, but, if continuous curtain type 
oil bath filters are ordered there is the 
possibility that the inlet opening will 
need to be raised or lowered. So, if the 
units are ordered considerably in ad- 
vance, the purchaser should protect 
himself by stating that the opening is 
not to be cut until the vendor is notified. 
If the driving mechanism for a curtain 
type air filter is specified “explosion- 
proof”, its delivery is usually longer 
than the air filter itself. In such a case 
the manufacturer should be advised to 
make shipment of the filters so that it 
may be set in place and connected. The 
electrical gear can be mounted at a 
later date. 


Auxiliary Generators 


The purchase of the auxiliary units is 
about as complex as that of the com- 
pressors, for the same general informa- 
tion will need to be known. Though such 
items as mufflers, oil filters, air filters, 
back fire relief valves, oil cooler, etc., do 
not usually have long deliveries, they 


THE PETROLEUM ENGINEER, July, 1952 





should be ordered at this time. Such 
pertinent data as heat dissipation rates, 
water and oil temperature operating 
pressures, and pressure drops, should be 
acquired, as well as fuel gas pressures, 
Fly-wheel guards and guards for the 
exciter belt drive should be considered 
for purchase. The oil coolers, as in the 
case of compressors, may be _ ordered 
with the engine. The selection of a 
muffler is a facility in that a standard 
bottom inlet muffler is used in prac- 
tically every case whether it is mounted 
vertically or horizontally. 

Certified drawings of the piping and 
foundation will be needed by the draft- 
ing department and every effort should 
be made to obtain them as early as 
possible. The vendor is to be advised 
when and where the foundation bolts are 
to be shipped. 


Heat Exchangers 


The cooling equipment, such as cool- 
ing tower, jacket water coolers, gas 
coolers, fuel gas heater, etc., should be 
processed as soon as possible. There is 
nothing to delay purchase after the 
cooling system has been decided upon. 
Again, the buyer is urged to include as 
much of the design data on the order 
as possible. When air coolers are re- 
quired, the safety department might con- 
sider the installation of a fence to pro- 
tect personnel and ladders and _ plat- 
forms to facilitate servicing and inspec- 
tion. Shell and tube units can, of course, 
be purchased with the least trouble be- 
cause of their simplicity, although it is 
well to remember that the size and 
orientation of nozzles are seldom accept- 
able without revision. Another point to 
remember is that some states, such as 
Pennsylvania, require that the heat ex- 
changers be built according to code even 
though they are in low pressure service. 

Usually brass tube sheets and admir- 
alty tubes are specified for water ex- 
changers. Both items now carry long 
mill deliveries and the purchaser is 
urged to investigate substitutes if better 
shipments are needed. Bronze-clad tube 
sheets usually can be obtained in a frac- 
tion of the time required for the solid 
brass tube sheets, so, if the fabricator’s 
delivery promise is not suitable, it is 
suggested that the specifications be 
changed. If atmospheric type jacket 
water coolers are employed, an attempt 
should be made to establish the number 
and size immediately so that the cooling 
tower can be purchased with a properly 
sized coil shed. 


Cooling Towers 


A cooling tower is a major piece of 
equipment made up of many component 
parts purchased separately and supplied 
as a package unit by the tower vendor. 
Cooling tower delivery promises gener- 
ally can be relied upon and it is a rarity 
for the progress of a job to be retarded 
due to the lack of it. In purchasing a 
cooling tower a decision should be 
reached on such items as whether to get 
a ladder or a stairway, the size and 
number of water headers, and who is t# 
erect the tower. The choice between lad- 
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x MOTOROLA MICROWA 


WORKING SYSTEMS 


Spanning a thousand-mile crazy-quilt of mixed topography, 
through a devil’s brew of weather extremes from desert sun to 
sub-arctic blizzards, through sleet, torrential rains, hurricane, tor- 
nado, and fire, Motorola Microwave on more than one occasion. 
has stood alone as the only remaining means of communication. 





27 Motorola systems are now working around the clock for pipe 
lines, air lines, State Police and Industry, carrying multi-use 
channels—— —— loaded with voice, teleprint, telemeter, and 
point-to-point tie-in with the Motorola VHF 2-way mobile radio 
networks. 


27 Systems ln and Working 
mpi  — Saving Time and Cost for the Owners — 
TELEMETERING) +i oS. Cel" Can Do The Same For You In Your Operation! 


Mid Valley Pipeline Co. (1000 miles) Shell Pipeline Co. 


Texas Illinois Natural Gas Panhandle Eastern Pipeline Co, 
Pipeline Co. (1000 miles) 


Aeronautical Radio, Inc. 
Hawaiian Air Lines Michigan State Police 


City of Dayton State of California 
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Remember! Experience Counts 
pies Especially in Microwave 
Contes, Sea a | 4 24 Years of Leadership in Mobile Radio 
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Motorola Microwave 
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4545 AUGUSTA BLVD. ° CHICAGO 51, ILLINOIS 


In Canada: Rogers Majestic Electronics, Ltd., Taronto, Canada 


WRITE: MOTOROLA MICROWAVE 
4545 AUGUSTA BLVD., CHICAGO 51, ILLINOIS 
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Framework of the building almost completed. 


der and stairway is one to be settled by 
the safety department. The size and 
number of headers will aid the material 
department in making an accurate pip- 
ing takeoff. In some instances purchases 
are made of both material and erection, 
whereas in others only material is 
bought. Still in others, depending upon 
the construction schedule and other var- 
iables, only the supervision of erection 
may be contracted. The anchor bolts, 
galvanized or bronze, should be pur- 
chased at this time, separately or 
through the cooling tower manufacturer. 
If the anchor bolts are purchased with 
the cooling tower, the purchase order 
should specify when and where they are 
to be shipped. Again, is is imperative 
that certified drawings be obtained as 
soon as possible. 


Starting Air Compressors 


The selection of the starting air 
compressors varies with the installed 
compressor horsepower. On main line 
stations of any magnitude, it has been 
established that a heavy duty 2-stage 
water cooled compressor of 70 to 100 
cfm capacity at 250 psi is most able to 
supply the heavy demand of compressed 
air. 

One unit is usually motor driven only 
and it is equipped with automatic start 
and stop switches and automatic un- 
loading valves. The selection of the drive 
depends largely upon its location. If the 
starting air compressor is placed in the 
compressor building, then an explosion- 
proof motor will be required, but if it is 
in an auxiliary building an open type 
motor may be used. The smaller spare 
starting air compressor is usually fur- 
nished with both motor drive and en- 
gine drive. The motor drive is equipped 
with an automatic start and stop switch; 
however, the engine drive is equipped 
with only an automatic cut-off. Often, 
the spare starting air compressor is pur- 
chased with engine drive only. Due to 
the large starting air requirements 
separate air storage is installed and the 
compressors are purchased without an 
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integral air tank. If a compressed air 
after-cooler is necessary, it should be 
purchased at this time, complete with 
separator and dump trap. 


Buildings 

Before the buildings can be designed, 
the size and number of items housed 
therein must be known. The preceding 
sequence of purchase is arranged, there- 
fore, not only from the standpoint of 
field requirements, but to establish all 
the physical data required with which to 
design the buildings. The buildings may 
be designed and constructed by the con- 
tractor; however, usually they are speci- 
fied by the contractor and designed and 
erected by a building manufacturer. 

If the building is purchased erected, 
the purchasing department should ob- 
tain a separate price for the material. 
This practice is recommended for the 
purchase of any other item that involves 
labor, such as the cooling tower, since 
a breakdown is necessary for accounting 
purposes. 

Such items as traveling crane and 
hoist should be placed on order im- 
mediately so that they will arrive on the 
job with the building and be used to 
move equipment during construction. 
The anchor bolts may or may not be 
ordered with the building; however, 
they should be considered critical and 
should be shipped to the job as soon as 
possible. 

Some building manufacturers do not 
supply the glass for windows, and if this 
is the practice, a complete takeoff should 
be made and the glass placed on sepa- 
rate order. 

If arrangements can be made, the 
smaller buildings, such as office and/or 
warehouse building, should be pur- 
chased to arrive on the job as construc- 
tion is begun. The building can then be 
used for temporary storage of material. 
Bins may be erected therein and such 
articles as pipe fittings, small tools, 
nails, bolts, etc., can be housed along 
with valves and other equipment. 

A great deal of time may be lost by 
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waiting for the drafting department ‘to 
provide finished drawings of buildings 
to submit for quotation. If a building is 
to be purchased fabricated, time cn 
be saved by merely writing the speci- 
fications covering the siding, windows, 
doors, ventilators, gutters and down. 
spouts, frames, hoists, fastening methods, 
etc. The maximum amount of informa- 
tion required on a drawing is the size 
of the main members, location of doors 
and windows, which, incidentally, may 
be changed at any time without effecting 
price or delivery and eave details. In 
most cases, too, much detail is included 
in the building drawings that are later 
supplemented by detailed vendor's 
drawings. Usually, the main columns 
bear the longest mill delivery, and the 
object is to enter the order as soon as 
possible even though subsequent changes 
in the arrangement of the building have 
to be made. 


Pumps 


The following pumps are usually re- 
quired for compressor station services: 
Jacket water pumps, cooling tower 
pumps, raw water makeup pumps, util- 
ity pumps, water well pumps, scrubber 
oil charge pump, and miscellaneous 
sump pumps. The jacket water pumps 
are usually the longest in delivery, al- 
though in these particular times cooling 
tower pump shipments also present a 
problem. This is due to the fact that the 
usually specified vertical hollow-shaft 
totally enclosed fan cooler motors are 
not as readily available as horizontal 
type motors. The water makeup pumps 
are low capacity, from 100-200 gal per 
minute, and may be obtained within a 
relatively short period of time. Rare is 
the case when the utility pumps cannot 
be purchased from stock. For water well 
service, jet type pumps are usually 
available from stock. This is a point to 
remember, as the pumps are not usually 
specified until the wells have been 
drilled and tested, and by that time 
water is needed for the job. The prob- 
lem of supplying water for construction 
purposes is discussed elsewhere in this 
article, however. 

Pump deliveries verge on the border 
of “Fair” and “Poer”, although con- 
siderable tie-up has been encointered 
on those pumps requiring “exy losion- 
proof” motors. Such pumps, of course, 
should be ordered as soon as possible. 
Again, certified prints should be re- 
quested, as well as characteristic curves. 
In many cases, the purchase of a ver- 
tical pump is held up until such time as 
the setting is determined. This practice, 
of course, does not lend itself to exped- 
iency and the best method to circumvent 
such tendencies is to place an order for 
a pump of the approximate setting and 
make any corrections required on the 
certified prints submitted for approval. 
Time is of the essence, and the buyer 
should remember that though the sales 
representative accepts on verbal order, 
the factory does little if anything in 
preparation of manufacture until the 
formal purchase order is in its posses- 
sion. This practice is understandable 
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and it is characteristic of the majority 
of equipment manufacturers. 


Vessels 


The vessels usually found in a com- 
pressor station are: Dust scrubbers, 
scrubber charge tank, scrubber settling 
tanks, scrubber oil storage, lube oil 
storage, jacket water surge tank, air 
storage tanks, compressor suction and 
discharge bottles, and water storage 
tank. Of this group the correct sequence 
is to order the scrubbers first. Such in- 
formation as the capacity, design pres- 
sure, design code, and minimum work- 
ing pressure required for sizing the 
units may be established through the 
main gas compressor sizing data. The 
purchasing department can avoid the 
responsibility of selecting the proper 
code by placing that responsibility upon 
the vessel manufacturer, who is usually 
well informed on all state code require- 
ments. This also applies to the other 
pressure vessels such as scrubber charge 
tank and the air tanks, although the 
latter are usually designed according to 
ASME-U68 Code. If the station is to 
operate at a pressure of 1000-psi or 
more, and especially if the ASME-U68 
Code applies, the scrubber charge tank 
should be ordered immediately. The 
cylinder for this vessel is usually so 
small in diameter and the thickness so 
great that considerable difficulty is en- 
countered in rolling and consequently a 
long delivery ensues. 

The starting air tanks usually are 
readily acquired. The speed of a pur- 
chase is accelerated if the vessel de- 
partment standardizes on a given diam- 
eter or capacity and varies only the num- 
ber installed, depending upon compres- 


Transite covering is on the building and a major portion of the piping installed. The mufflers have also been erected. 
To the right, in the background, is the scrubber oil charge system. 


sor horsepower. The rest of the vessels, 
with the exception of the compressor 
bottles, have a reasonably short delivery 
because they are usually made of 14-in. 
or lighter plate. Such items as target, 
target float, and gage rod should be pur- 
chased along with the respective tanks. 
As the lube oil and scrubber oil storage 
tanks are elevated, the structural sup- 
port should be purchased at this time. 
The charge tank structural support also 
should be placed on order so that it will 
arrive on the site ahead of the charge 
and settling tanks. 

The compressor suction and discharge 
bottles are listed as vessels but may be 
considered prefabricated piping as they 
are usually designed in accordance with 
Section 2 or 3 of the Pressure Piping 
Code, X-rayed, and stress relieved. In 
most cases they are made of large diam- 
eter, heavy-wall pipe. Delivery is un- 
predictable and may vary from weeks to 
four months and more, depending upon 
the size. The suction bottles, depending 
upon the compressor foundation design, 
may need to be set in place before the 
compressor cylinders can be mounted 
on the engine, and the delivery should 
be followed with much concern. 


Pipe, Valves, Fittings 

The engineering department should 
be in a position to provide the purchas- 
ing department with the size and speci- 
fications of pipe within two weeks after 
material purchase has begun. A delay 
in ordering the large, high pressure 
valves and pipe can create a serious 
bottleneck in the construction program. 
If pipe size and thickness are not defi- 
nitely established, a tonnage order 
should be entered. The pipe mills 






schedule orders on a tonnage basis and 
do not usually require sizes and weigits 
prior to a month and a half before 
rolling. 

A piping plan should be drawn so that 
most of the large welding fittings may 
be included in a preliminary bill of 
material. The valves may be taken off 
the mechanical flow sheet. The niate- 
rial take-off department. should supply 
the purchasing department with a pre- 
liminary bill of materials of pipe, valves, 
and fittings no later than three weeks 
after the purchasing of material has be- 
gun. This can be done with a certain 
degree of accuracy only if the purchas. 
ing department is able to obtain pre- 
liminary or certified prints on the heavy 
equipment, as mentioned previously. 

Pipe material for a temporary water 
line is required on the job at the very 
beginning of construction. If it is pos- 
sible to install a permanent water line. 
then additional material such as pipe 
primer, enamel, and wrapping should 
be sent to the field. 


Electrical 


As soon as the large electric drive 
units have been purchased, specifica- 
tions should be submitted for the pur- 
chase of the electrical switchboard, for 
it is not uncommon to receive it last even 
though it is among the first of the major 
pieces of equipment ordered. The time 
required for delivery of switchboards 
usually runs from three to five months, 
depending upon the type. The buyer 
should be cognizant of the fact that 
starter sizes can be altered weeks after 
the order is released. The cable and con- 
duit should be ordered in the early 
stages and lighting fixtures, especially 
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View of completed station. Building on the left houses generators, starting air compressors, utility pumps, and heating boiler. 
On the right, in the foreground, is the office, shop, and warehouse building. Compressor building is in the background. 


if they are “explosion-proof”, also 
should be bought as soon as possible. 
Grounding wire should arrive at the job 
before pouring of the concrete is begun. 
Other electrical items usually present no 
special problem. 


Miscellaneous Items 


The compressor building floor beams 
or decking, whichever is used, should 
arrive on the job immediately after the 
building walls and compressor founda- 
tions are poured. Thus they can be in- 
stalled and used for the support of 
temporary flooring while the compres- 
sors are skidded on their foundations. 
As the order is a substantial one, little 
time can be lost in placing it. If the 
order is entered with a shop as early as 
it should be, the cut lengths of the 
beams will not be available. Most shops, 
however, will begin accumulating the 
material as soon as the order is placed. 
Again, the buyer is advised to base this 
purchase as an estimate of the actual 
requirements subject to later revisions. 
If the steel is purchased from warehouse 
and shipped directly to the field, allow 
for considerable waste. 

Miscellaneous structural items have 
to be given individual consideration and 
such items as floor plates, grating, pipe 
supports, trench angle, and handrailing 
should be ordered from an estimate of 
the actual requirements. The drafting 
department cannot supply purchasing 
with the cut sizes of the floor plate at the 
time the order should be entered; there- 
fore, an order for the approximate 
Square footage should be placed with 
the understanding that the plate is to be 
stored until such time that actual sizes 
can be given. The buyer is urged to 
specify cutting tolerances in the order. 
Pipe supports also can be handled the 
same way. It is possible to supply a 
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drawing of a typical support and ask 
various fabricators to quote the price on 
a pound basis if the stanchions are to be 
delivered to the job prefabricated. Pipe 
clamps, guides, and anchors are usually 
ordered after the design is almost com- 
pleted. Delivery of these items does not 
present much of a problem. 

The miscellaneous anchor bolts 
should be ordered well in advance if 
they are over 1-in. size; 1-in. and smaller 
anchor bolts usually can be found in 
stock. The buyer is warned to purchase 
basement window and door frames, for 
lack of them may hold up pouring the 
compressor building basement walls. 
The pipe sleeves are not needed in the 
early stages because cut-outs can be 
left in the walls and the sleeves grouted 
in later; however, there is no particular 
reason why they should not be pur- 
chased immediately. The sleeves easily 
could be field fabricated if it were not 
that the large diameter pipe usually ar- 
rives at the job site late. 

The delivery of instrument boards pre- 
sents very little problem. There is no 
reason to run the risk of a late ship- 
ment, however, as they can be placed on 
order about a month after the purchase 
of material has begun. Depending upon 
the location of the job site, it is usually 
best to ship that board semi-finished so 
that the finish paint will not be damaged 
in transit. In analyzing the quotations 
for the instrument boards, the cost of 
crating should be considered, as it is an 
expensive item and definitely should be 
provided for if the boards are to be ship- 
ped any distance. The station superin- 
tendent usually makes arrangements to 
send the board to a local car paint shop 
for finishing. 

Walkways and crossovers should be 
ordered in advance. The drafting de- 
partment can help delivery by stand- 





ardizing the design of these items. Thus 
an order may be entered for a given 
quantity of compressor building walk- 
way and shipped prefabricated to the 
job site even before the drafting room 
has the opportunity to include it in a 
layout drawing. 

The sequence of construction is such 
that usually the compressor mat and 
blocks are poured first. If such is the 
case, material such as beam bearing 
plates, miscellaneous anchor bolts, an- 
chor bolt sleeves, and adequate amount 
of pipe for compressor air intake is to be 
sent to the job well in advance. Metal 
leak strip for sealing concrete joints is 
required on the job a very short time 
after the construction is begun, so a 
takeoff should be made and the materia! 
sent out to keep apace of construction. 

Trench angle usually is made up in 
two types—the embedded type and the 
bolted type. The embedded type trench 
angle has to be set in the forms before 
the concrete is poured and therefore is 
as critical an item as an anchor bolt. The 
bolted type trench angle is, as the 
name implies, fastened to small diameter 
anchor bolts set in the concrete. De- 
pending upon the availability of mate- 
rial at the job site, the buyer is advised 
to send several hundred feet of angle to 
the field for miscellaneous purposes. 

Items of little monetary value that 
should be considered critical and are to 
arrive on the job at the offset are the 
floor drains, for they, along with a cer- 
tain amount of pipe,-are inserted in the 
compressor mat. 


Concrete 


The purchasing department should 
take the initiative in obtaining an esti- 
mate of the reinforcing steel require- 
ments. A preliminary takeoff should be 
made of the forming lumber require- 
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The Walker Tulsa Oil Thief, like all other 
Walker gauging equipment, has been 
improved through the years by incorpo- 
rating the features you have wanted in 
this type of equipment to serve you 
better. The Walker Tulsa Oil Thief has 
been first with many exclusive features 
such as: Single Trip Device; Rotating 
Valve Seat to insure proper seating; 
Encased Springs to prevent fouling; Flat 
Bail to prevent chain or rope fouling; 
Trip Mechanism which accommodates 
any length trip rod. Sturdily built for 
longer service, the Walker Tulsa Oil 
Thief is available in five sizes: 12, 16, 
18, 24 and 36 inches; can be purchased 
through all leading supply stores. 
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e@ CARRYING 
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W. L. WALKER CO. 


Phone 22-1148 
Tulsa, Oklahoma 
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ments and submitted to a few of the 
lumber companies in the vicinity of the 
job for pricing. If the cost of lumber in 
the locality appears to be high, then an 
economic study should be made to de- 
termine whether it would be feasible to 
ship lumber to the job. 

The purchaser should bear in mind 
that a certain amount of buying should 
be done by the construction superin- 
tendent. A number of “short” items are 
purchased in the field, and depending 
upon the scarcity of such items, the 
superintendent should place himself in 
a favorable position to obtain them. If 
a substantial purchase is to be made by 
the field, the purchasing department 
should provide the superintendent with 
the prevailing prices. 

The preliminary takeoff also should 
be made on the cement requirements. If 
ready-mixed concrete is to be used, a 
source of supply should be established 
and a purchase order written on the ap- 
proximate needs. The order should be 
written so that disbursements will be 
made at such time as the ready-mix is 
delivered and not obligate the company 
to purchase more than the amount used. 
In purchasing ready-mix the buyer 
should consider the company’s ability to 
transport the mix in adequate quantities 
for large pours. The same type of pur- 
chase agreement is to be made for 
cement. Sand and gravel are usually ob- 
tained from the same source of supply 
as the cement to facilitate transporta- 
tion problems. 


Soil Tests; Water Wells 


Somewhere between the beginning of 
the station design and the construction 
phase, soil tests are made as required 
by the engineering department. Ar- 
rangements should be made for the in- 
terpretation of soil tests if the contractor 
does not possess those facilities. 

Also at this time, if water is not avail- 
able from a river or lake, arrangements 
should be made for drilling the water 
wells so that water will be available for 
construction purposes. A well pump 
should be delivered as soon as possible, 
in order to benefit by the completion of 


-the wells; however, the drilling contrac- 


tor’s test pump may be contracted for 
until such time that the water well 
pumps arrive. If no outside electricity is 
available, a gear-head should be pur- 
chased for temporary installation on 
one of the water well pumps and ar- 
rangements for either purchasing or 
renting an engine driver should be made. 
Expediency in this matter cannot be 
overemphasized. 


Fence 


Fence material should arrive on the 
job approximately at the same time that 
the superintendent does. With the fence 
erected at the beginning of construction, 
the duties of a night watchman becomes 
minor. A fence will serve to keep out- 
siders and animals off of the site, thus 
reducing liability risks. 


Boilers 
If a heating boiler is required, it 
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should be ordered with the other major 
items of equipment, although some 
package units, either of the fire tube or 
water tube variety, are available with 
fairly short deliveries. No special prob. 
lem is presented other than that the 
drafting department will require the 
physical data for design purposes. Unit 
heaters, if such are to be used, should 
be ordered as well as steam traps, con- 
vection radiators, vent traps, thermo- 
stats, and the like. If unit heaters with 
“explosion-proof” motors, are required, 
the purchasing department is to be 
on the alert for late deliveries. 


Machine Tools 


All machine tools required for the 
compressor station shop have fairly good 
deliveries with the exception of lathes, 
Such items as drill press, grinder, 
power saw, hydraulic press, and mis- 
cellaneous shop tools have from im- 
mediate to 12 weeks delivery. Lathe 
delivery may run anywhere between 4 
to 12 months. Though a lathe can be set 
after the station is in operation, it is 
not a good practice to do so, and it 
should be ordered as soon as possible. 


Instruments and Controls 


Reciprocating type compressor sta- 
tions require relatively little instrumen- 
tation, the usual controls being compres- 
sor jacket water temperature recording 
controller, fuel gas flow meter, fuel gas 
pressure and temperature recorder, and 
suction and discharge pressure recorder. 
These instruments can be ordered read- 
ily for the only unknown is the length 
of capillary lead on the jacket water 
temperature recorder controller and the 
fuel gas temperature recorder. 

The control valves usually consist of 
the first cut fuel gas regulators, second 
cut fuel gas regulators, auxiliary fuel 
gas pressure regulators, instrument gas 
reducing regulators, and utility fuel gas 
regulators for cottages. All these items 
are purchased with a very little trouble, 
with the exception of the first and sec- 
ond cut fuel gas regulators. Along with 
these items, the cooling tower makeup 
valve and water meter should be pur- 
chased. The jacket water temperature 
control valves for the compressor and 
auxiliary engines and lube oil tempera- 
ture control valves also should be con- 
sidered. All told, instruments and con- 
trols have comparatively short de- 
liveries. 

A complete gage glass list can be 
made with little effort. Usually the only 
vessels requiring high pressure gage 
glasses are scrubbers and charge tank. 
The remaining vessels are provided with 
tubular gage glasses. 

A pressure gage list can be prepared 
with equal facility. In preparing a list 
such items should be considered as gas 
headers, jacket water header at com- 
pressor and auxiliary buildings, start- 
ing air header at compressor and auxil- 
iary buildings, fuel gas header at com- 
pressor and auxiliary buildings, starting 
air tanks, and scrubber oil charge tank, 
jacket water pumps, scrubber oil pump, 
raw water makeup pumps, utility 












ne 


or 


th 
he 
he 
Lit 


ld 


0- 
th 


be 


th 


el 


ire 





PUMPING STATIONS using the 
SHARPLES PIPE LINE CRUDE PURIFIER are making 


BIG SAVINGS IN DIESEL FUEL 


Why buy diesel fuel when you can use your own pipe line crude oil? 


The Sharples Pipe Line Crude Oil Purification System not 
only includes a highly efficient purifier unit, consisting of cen- 
trifuge, heater, pumps, controls, and instrumentation... but 
also the engineering recommendation for a practical system 
of purified oil storage which eliminates re-contamination. 

The system is entirely automatic and continuous. No 
extra labor is required to assure a constant supply of clean oil. 
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WAX DISCHARGE 
TO STATION SUMP. 


Get the facts today. Bulletin 1266 will be sent on request. 


| SHARPLES 


(Gow THE SHARPLES CORPORATION « 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 
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EXPANSIBLE INTERNAL 
PIPELINE CLEANER 


Designed and Proven 
by Pipeline Men 





All sizes 6” to 30” 


UNLESS YOU ARE USING THE EXPANSIBLE 
CLEANING MACHINE, YOUR LINES ARE NOT 
BEING THOROUGHLY CLEANED. 


EXPANDS for constant pressure on all sides. 
Compensates for brush wear. 


FLEXIBLE to eliminate stoppage on bends, 
drops, etc. Can traverse 90° 1% radius tube 
turns. 


EFFICIENT cleaning pays off in increased gas 
volume. 


CLEANER PIPELINES CO. 


1900 Armour Road, North Kansas City 16, Missouri 





CLAMPS 


LLOYD METAL FOUNDRY CO. 


Carr and Ope 

Phone PR §& 

HOUSTON. TEXAS 
= 


/ 
A 















pumps, cooling tower pumps, scrubbers, 
and instrument gas. Oil pressure gages 
on the compressor and auxiliary en- 
gines are supplied by the vendor as 
standard equipment. The compressor 
building instrument board should have 
the following pressure gages: Gas suc- 
tion and discharge pressure, starting air 
pressure, fuel gas pressure, jacket water 
pressure, and instrument air pressure. 
The auxiliary building instrument board 
requires all the above instruments with 
the exception of the gas suction and dis- 
charge pressure gages. The fuel gas 
pressure, in the case of a 4-cycle engine, 
is usually measured with a manometer. 

The usual compressor station requires 
very few safety relief valves. The only 
relief valves of any consequence are 
those on the compressor discharge. 
Other relief valves are usually installed 
on such equipment as air compressors, 
starting air receivers, scrubber oil 
charging tank, scrubbers, scrubber oil 
charging pump, first arid second cut fuel 
gas volume bottles, auxiliary fuel gas 
header, compressor fuel gas header, 
compressor oil coolers, and utility fuel 
gas. 

Thermowells, if purchased of the 
stainless steel variety, may have very 
long deliveries. Lists for their purchase 
can be drawn up readily. As tempera- 
tures of both water and gas in a main 
line compressor station rarely exceed 
220 F, practically all thermometers can 
be purchased with the same range. Any- 
one who is acquainted with compressor 
station operation can take a mechanical 
flow sheet’ and make a fairly accurate 
takeoff. Lack of thermometers will not 
delay the startup of a station, but lack 
of thermowells may. Thermometer coup- 
lings can be plugged for temporary op- 
eration, however, it is a troublesome 
task, requiring depressurizing of the 
system, to replace the plugs with 
thermowells. Thermometers are in- 
stalled in gas headers, fuel gas headers. 
jacket water headers, piping to and 
from all jacket water coolers, gas cool- 
ers, and oil coolers, cooling tower risers, 
jacket water supply to all compressors 
and auxiliary engines, fuel gas meter 
runs, and fuel gas heater. 


Paint 


The paint need not be ordered im- 
mediately. Usually color schemes for 
compressor stations are not considered 
until later stages of construction; how- 
ever, primer should be sent to the job 
so that structural steel members ar- 
riving there may be primed before stor- 
ing or erecting. The pipe primer, 
enamel, and wrapping, are not required 
until piping is begun, which is usually 
about two to three months after break- 
ing ground. The exception is, as men- 
tioned previously, when a water line has 
to be installed, then all the material re- 
quired to lay it should be on hand. 


Insulation 

About the only insulation material 
needed in a compressor station is for 
burn protection on steam piping. Some- 
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times the designer may call for insu!z: 
exhaust jackets; however, the procure. 
ment of insulation presents very !ittle 
problem and may be ordered during the 
later stages of design. 


Order of Arrival 


The preceding paragraphs were ar. 
ranged in sequence for material pur. 
chasing. The equipment should be 
expedited to arrive at the job site in the 
following order: 


1. Soil tests. 


2. Water wells, temporary water pip- 
ing, and well pump. 


3. Fence. 


4, Cement, re-enforcing steel, form 
lumber, grounding wire, sand and 
gravel. 


5. Building—to be used as construc- 
tion shack and warehouse. 


6. Floor drains, compressor mat 
drain piping, anchor bolts, and leak 
strip. 

7. Compressor block anchor bolts 
and sleeves, free air piping for blocks, 
floor beam bearing plates, random 
lengths of trench angle. 


8. Basement wall door and window 
frames, compressor building anchor 
bolts, compressor floor beams (or deck- 
ing), and pipe sleeves. 


9. Auxiliary generator engine anchor 
bolts and sleeves, cooling tower anchor 
bolts, and anchor bolts for various tanks 
and structures. 


10. Large diameter thin wall pipe— 
for water service. Pipe primer, enamel, 
and felt. Compressors and compressor 
cylinders, compressor suction and dis- 
charge bottles. 


11. Auxiliary building anchor bolts; 
office, warehouse and shop building an- 
chor bolts. Electrical conduit and cable. 


12. Compressor building, compres- 
sor building floor plates, cooling tower, 
pipe pier anchor bolts. 


13. Large diameter heavy wall pipe 
for gas service. Paint primer, pumps, 
jacket water cooler, gas coolers, fuel 
gas heater, compressor engine oil cool- 
ers (usually with compressors), auxil- 
iary engine oil coolers (usually with 
auxiliary engine), pipe, valves, and fit- 
tings, tile sewage pipe (field pur- 
chased). 


14. Auxiliary building, air compres- 
sors, instrument boards, electrical fix- 
tures and lighting standard, electric 
motor starter equipment, pipe, valves, 
and fittings. 


15. Engine mufflers, engine oil and 
air filters, miscellaneous pressure ves- 
sels; tanks, and structures; pipe, valves 
and fittings. 


16. Walkways, crossovers, grating. 
railing, pipe clamps, miscellaneous floor 
plate, pipe, valves, and fittings. 


17. Instruments and controls, boiler, 
unit heaters, steam traps, paint, machine 
shop equipment, change room fixtures 
(field purchased), and insulation. * * 
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A KEROTEST motor operated full 
opening 18” Pipe Line Valve 
carrying 1000 p.s.i. pressure, 


FOR SCRAPERS 
FULL ROUND OPENING —OVERSIZE SEAT RINGS! 


m | KEROTEST Pipe Line Valve operating features and 
capacities are designed for the heavy duty require- 
ments of modern pipeliners. 


KEROTEST Pipe Line Valves have been operating 
for years on gas lines, crude, gasoline and LPG lines 
—proved in service. 


KEROTEST Pipe Line Valves are in operation today 
on pipe lines throughout the world. 


FULL RANGE of sizes available with handwheel, 
gear, motor or cylinder operation. 


Tr KEROTEST 


MANUFACTURING COMPANY 
PITTSBURGH 22, PA. 


New York @ Chicago © Charleston, W. Va. © Tulsa @ Odessa © Houston 
Los Angeles © St. Lovis @ Toledo @ Richmond ¢ Baltimore 
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Interior of control 
room overlooking the 
pump room. 








Exterior view of the Norman, Oklahoma, station, 
showing building and a part of the manifold system. 


EXCLUSIVE 





New Stations on Basin System 


Capacity materially increased by the installation of 
largest motors and pumps yet built for pipe line use 





a Tue Basin Pipe Line System has mate- 
[commen rially increased the — of its Jal, 
_ . New Mexico-Cushing, Oklahoma, pipe 
‘uae line by the installation of four new 
pumping stations. These stations, which 
are at Norman and Comanche, Okla- 
homa, and Seymour and Hamlin, Texas, 
contain the largest centrifugal pumps 
and motors yet built for pipe line use. 
The motors were described in detail in 
the February, 1952, issue of The Petro- 
leum Engineer. 

The 3-stage, 14-in. pumps are driven 
by 3000-hp, 1780-rpm, 3-phase, 60-cycle, 














The 3000-hp motors driving 14-in., 
3-stage centrifugal pumps. 
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POSITIVE OPERATION 


GUARANTEED 
WITH THE NEW 


w-K-M Leverlock DESIGN 
ga 
































Leverlock operation combined with the basic W-K-M 
Through-Conduit, expanding gate design provides 
a pipeline valve whose performance is unequalled 
in the most extreme service. Sure lever-action ex- 
pansion guarantees that W-K-M Valves will always 
> open or close freely regardless of service condi- 


’ Fig. 1 Fig. 2 Fig. 3 tions. Leverlock Operation and other advantages 
' _ The Leverlock Assembly is a mechanical device which positively such as vapor-tight seal against both oo ts, the 
‘ ‘holds the gate and segment in neutral position while the valve is ability to maintain and overhaul on the line, no- 
, being opened or closed, and permits expansion of the gate assem- surge operation, and full through-conduit design 
a _ ov ye oo rayne, in oo or oer es at assure the user of getting far more in valve per- 
’ e gate and one in the gate segment are ether-by is . 
5 means of the Leverlock arm. Guides or rails, integral with the seat formance for his money when his specs read, 
' skirts, provide for the proper movement of the Leverlock arm and W-K-M Valves All the Way. 
) shoe as well as guide the vertical travel of the gate assembly. Fig. 
. 1 shows the gate and gate segment in closed position. When the 
valve is opened, the Leverlock arm swings to the right and travels 
, between the guides on the seat skirt (shown in heavy black). As 
| the Leverlock arm cannot swing to the right or left, it holds the 
gate and segment in neutral position positively, see Fig. 2. As the 


gate and segment reach the open position, the Leverlock arm 
—— into a slot provided on the seat skirt, see Fig. 3, thus per- 
mitting the gate and segment to expand against the seats. Clear- | 
ances are shown in red on drawings above. w- K-M_ COMPANY 
The Leverlock feature provides sure control over the gate end. as P.O, Box a 

segment so that they expand only in open and closed position and 727 W. Seventh St., Los Angeles, Calif. 
remain in neutral while the valve is being operated. EXPORT OFFICE: 30 Rockefeller Plaza, New York, N. Y. 
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“serving all pipelines 


PIPELINE COATINGS 


and 


WRAPPING MATERIALS 


DAY COMPANY 


EVERY OIL FIELD ENGINE 
SHOULD BE EQUIPPED WITH 


The combination oil pressure 
and water temperature switch 
to prevent engine “burn out” 
caused by low oil pressure and 
high water temperature. 


e AUTOMATIC 
e DEPENDABLE 
e ADJUSTABLE 


SOLD BY ENGINE DEALERS 
and SUPPLY STORES 


FRANK W. ee 


BOX 1476 TULSA, OKLA 


Closeup of centrifugal pumps. There are two pumping units in each station. 


Closeup of one of the 3000-hp motors, largest in pipe line service. 


4160-volt squirrel-cage induction motors. 
Each pump will handle 350,000 bbl of 
crude oil a day at a differential pressure 
of 550 psi. The motors were designed for 
high efficiency and reasonably high 
power factors to obtain low operating 
costs. It was necessary that they develop 
sufficient torque to accelerate the motor 
and pump to full load speed under start- 
ing conditions, and a breakdown torque 
of twice rated torque was required to in- 
sure proper operation under load. Full 
voltage, across-the-line starting is used 
for simplicity of control and operation. 
Across-the-line starting with minimum 
line drop requires the~use of high-i -im- 
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, “three: stations. 


pedance transformers feeding directly to 


’ the motors from the substation. The 


motors are forced ventilated, through 
ducts entering the base of the motor, by 
a blower on the roof of the pumping sta- 
tion. The intake air is filtered. The sleeve 
bearings of the'motor are pressure lubri- 
cated by a motor-driven oil pump 
mounted on the drive end of the’ induc- 
tion motor base. 

The accompanying photographs are 
of the Norman, Oklahoma,,. station and 
the individual shown in some of them is 
R..H. Dye; station chief.engineer. Pump- 


ing:equipment is identical at the other 
r* x ** 
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FIG. A. Southern Counties Gas Company Blythe compressor station meter runs 
with compressor building in background. 


Dynamics of Pulsative Flow* 


Experimental data on pipe line meter runs illustrate 
dynamic effects of pulsative flow in orifice meter 


RAYMOND C. BAIRD and IRA C. BECHTOLD 


Dunne the nineteenth century there 
was formulated a theorem, verified be- 
yond any shadow of doubt to be true in 
a practical sense, which related the 
static pressure with a dynamic pressure 
of a flowing fluid in a way that is usually 
referred to as the Bernoulli equation. 
This relationship relating the dynamic 
with static pressure is as follows: 

(static pressure) ++ (dynamic pres- 
sure) = a constant 

Inasmuch as the mass flow rate is 
proportional to the velocity of the fluid, 
for a given pipe size, the Bernoulli re- 
lationship, therefore, offered a very prac- 
tical means free of moving parts 
whereby the rate of flow of any fluid 
could readily be measured. By virtue of 
the mechanical simplicity of the meter- 
ing equipment involved, the flow meter- 





*Presented before the annual meeting of the 
American Society of Mechanical Engineers, At- 
lantie City, New Jersey, November 26, 1951, 
under the full title “The Dynamics of Pulsative 
Flow Through Sharp-Edged Restrictions With 
Special Reference to Orifice Metering”. Revised 
January 14, 1952. 
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fng requirements of services having 
large volume gas flow, as exemplified by 
gas transmission pipe lines, are met to 
a large extent at the present time by the 
application of orifice metering. 

Several assumptions are made or im- 
plied in the use of the Bernoulli rela- 
tionship for purposes of metering flow. 
One of these assumptions is that the in- 
stantaneous pressure distribution 
throughout the meter run is uniform in 
time. If this were not so, it is apparent, 
even superficially, that a correction term 
to account for the dynamic inertia of the 
fluid must be introduced into the meter- 
ing equation. One objective of this paper 
is, therefore, to show in some detail how 
rapidly changing pressure conditions 
can and do require rather drastic modi- 
fication of the equations usually em- 
ployed to compute orifice pressure drop- 
flow relationships. Others' have de- 
scribed in considerable detail the higher 
order modifications that have to be ap- 
plied to the orifice equation to account 
for vena contracta effect, Reynolds num- 
ber effect, etc., as applying to steady 
flow conditions through the meter run, 
but comparatively little has been said 
concerning additional modification made 
necessary by the presence of high-fre- 
quency unsteady flow conditions. Speci- 
fically, reference is made to the effect of 
pressure pulses propagating with the 
velocity of sound through the meter 
run. 

Because of practical considerations, 
both mechanical and economic, the flow 
of fluid from one point to another is in 
general most expeditiously accomp- 
lished by the use of reciprocal type 
compressors and/or pumps. Basically, a 
reciprocating compressor or pump op- 





. erates to produce discharge flow by 


ramming discrete quantities of gas into 
a pipe (vice versa for suction flow). The 
action is one that requires a sudden ac- 
celeration and deceleration of portions 
of the fluid, and in this way pumping 
action is inevitably accompanied by the 
generation of pressure waves, which 
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FIG. 1. Analogous electrical, mechanical, and 


acoustical systems. 


propagate at acoustic velocity through 
the fluid flowing in a pipe line®.?°11. 
These pressure pulses propagate more 
or less in keeping with the laws of pro- 
pagation of sound waves. Experimental 
evidence reveals that the propagation of 
such pulsative energy is accompanied 
by a change in wave shape, conditioned 
by a number of physical variables in the 
piping system through which the pulse 
travels®. 
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FIG. 2. Generation of varying electrical current, pulsative 


Under conditions of pulsative flow, 
therefore, we have a situation in which 
we are endeavoring to meter the mass 
flow rate of a fluid by means of an orifice 
restriction, even though one of the basic 
implied requirements of Bernoulli’s 
theorem is completely ignored. 

Generally, all dynamic systems may 
be described in terms of three elements. 
These elements are found in electrical, 
mechanical, and acoustical systems. The 


flow by addition of direct and alternating components. 


first of these, the kinetic element, stores 
kinetic energy (or energy of motion) ; 
the second, the capacitive element, stores 
potential energy (or energy of posi- 
tion); while the third, the dissipative 
element, dissipates kinetic energy by 
conversion to heat, thus producing a loss 
in the total energy contained in the sys- 
tem. Examples of each of the three sys- 
tems mentioned are illustrated in Fig. 1. 
Of chief interest is the fact that the dy- 
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Farre rs coke are insta at DeWitt, Auburn, 
and Bradley aoton. 
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namic equations of each system are 
mathematically identical, the constants 
of such equations corresponding to the 
three basic elements described. The 
electrical, mechanical, and acoustical 
systems shown in Fig. 1 each possess one 
degree of freedom. As it is not the pur- 
pose of this paper to present detail con- 
cerning dynamic analogies, the reader is 
referred to the bibliography for addi- 
tional material concerning this ex- 
tremely useful subject®. For the pur- 
poses of this paper, it should be enough 
to know that a great similarity through 
analogy exists from system to system. 
The usefulness of dynamic similarities 
in analyzing the orifice metering prob- 
lem lies in the fact that it makes possible 
the setting up of such a problem in a 





form having more significance to per- 
sons relatively unfamiliar with the 
treatment of acoustical problems. The 
electric analogy in particular is of ex- 
cellent utility in this connection. 

Two items should be reviewed briefly 
before launching into a discussion of the 
effect of pulsative flow upon orifice 
metering: (1) The breakdown of pulsa- 
tive flow into steady and alternating 
components, and (2) the concept of im- 
pedance, Fig. 2a shows a resistive load, 
R, connected through a transformer coil 
to a battery source of direct current. 
Coupled through the transformer is a 
source of alternating current, which pro- 
duces an alternating voltage, e, which is 
in series e the direct current voltage, 
E. Thus, “sees” a total voltage 
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(E+ e) at its terminals, which, if ¢ js 
sinusoidal, produces a total current flow. 
ing through R: 

I, = 1+ Bsin (ot -7) =(I + i) (1) 
(The condenser C provides a battery. 
shunting flow path for i.) Thus we have 
a current flowing through the load re. 
sistance consisting of a “DC” component 
plus an “AC” component. Similarly, in 
a pipe line (Fig. 2b) we may think of 
the flow, by analogy, to consist of two 
parts, one being the flow in the absence 
of pressure pulsations and the other an 
“AC” component added as a result of 
the reciprocating action of compressors 
(or pumps). Fig. 2c illustrates graphic. 
ally the addition of the alternating and 
the direct current to produce the re. 
sultant pulsating current (or flow rate). 

Generally speaking, impedance is that 
part of an electrical circuit that impedes 


. the flow of current. Impedance may be 


one or both of two types, resistive or re- 
active. Essentially, a resistive impedance 
operates to resist the flow of both “DC” 
and “AC” currents, whereas reactive 
impedance resists only the flow of “AC” 
current. Accordingly, if an electrical im- 
pedance is connected to a source of d-c 
voltage (substituted, for example, in 
place of R of Fig. 2a) only the resistive 
component of the impedance is of im- 
portance in affecting the flow of current. 
If.an a-c component is added, however, 
the reactive component of the imped- 
ance also assumes importance in affect- 
ing such flow. 

The resistive component of impedance 
is the dissipative element that dissipates 
electrical energy in the form of heat, 
whereas the reactive element does not 
dissipate energy per se. It operates to 
change the voltage-current phase rela- 
tionships of the AC component only, 
such being caused by the presence of 
kinetic storing (inductive) and poten- 
tial storing (capacitive) elements in the 
circuit. The total impedance of an elec- 
trical circuit may be written as follows: 


Z= (R? + (wL—-1/wC)?)?/2 .. (2) 
Where: 


R = the resistance 
L = the inductance 
C = the capacity 
= 22f where f is the frequency 
of the AC component 


The foregoing implies that R, L, and 
C are discrete portions of an electrical 
circuit. That is, these elements are 
usually considered to be “Jumped”. 
Often, however, such an assumption 
cannot be made, especially when work- 
ing at the higher frequencies. In such 
cases a straight wire, for example, be- 
cause of distributed L and C elements, 
will not behave as a pure resistance to 
the flow of current containing a high- 
frequency a-c component. Thus we come 
to what is commonly referred to as 
characteristic impedance of a wire. By 
analogy we have also in the acoustical 
system a characteristic acoustical im- 
pedance of a pipe or conduit. 

If a-c energy is flowing through a line 
that has a characteristic impedance, Z,, 
no reflection of the energy will occur so 
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FIG. B. Southern Counties Gas Company Blythe compressor station meter from gas 
cleaner side. A portion of Fluor mobile research laboratory may be seen in background. 


long as Z, remains constant. Depending 
upon the frequency, Z,-may even vary 
somewhat, so long as such variation is 
not discontinuous, without producing a 
reflection of a-c energy. If Z, is sud- 
denly changed to another value, Z,, how- 
ever, Stewart’? has shown in the acousti- 
cal case that a portion of the propagat- 
ing a-c component will be reflected at 
the discontinuity in proportion to the 
incident energy depending upon the 
difference between Z, and Z,. 

To recapitulate, the output of a pump 
or reciprocating gas compressor in the 
sense of fluid flow is analogous to the 
flow of a direct electrical current that 
has superimposed upon it an alternating 
current increment. No reflection of the 
pulsation energy takes place unless there 
occurs a sudden change in the effective 
pipe diameter as may be afforded by a 
take-off line or a restriction such as an 
orifice plate. © 

With the development of microwave 
technique in the field of radar during 
the last decade with its “plumbing” 
through which microwave electrical 
energy is efficiently “piped”, we have 
an electrical energy propagating sys- 
tem, which in addition to being dynam- 


ically analogous to the flow of a fluid 
through a pipe, from the standpoint of 
impedance, is also quite similar physic- 
ally. For example, a sudden change in 
the cross-sectional area of a microwave 
waveguide may reflect a proportion of 
the incident high-frequency energy just 
as the presence of an orifice plate in a 
meter run produces an abrupt change 
in the run’s characteristic impedance, 
thereby reflecting a fraction of any in- 
cident pulsative energy. 


This paper assumes that the funda- 
mental error in measurement of pres- 
sure drop across an orifice during pulsa- 
tive flow occurs in the differential and 
not in the inferential measurement. This 
assumption has been substantiated by 
experimental research in the laboratory 
represented by the writers. Of course, 
much difficulty may be experienced 
from time to time in the inferential ac- 
curacy because of acoustical resonance 
effects in meter leads and chambers, but 
such effects may quite easily be mini- 
mized or eliminated. 


The writers will present two basic 
ideas, which are believed to be pertinent 
to the solution of the metering problem. 
One of these at the present time does 

























FIG. C. 
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at orifice 
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valves, and 
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not appear to offer any simple appr>ach 
toward reducing differential error byt 
has considerable basic significance: jn 
the consideration of this problem ‘» a 
dynamic sense. This idea will be + fer. 
red to hereafter as pulse phase-:hift 
(i.e., phase shift of the a-c pulsztion 
component across the orifice plat- to- 
gether with a change of pulse wave 
shape). The other idea might offcr a 
fertile approach to the solution of the 
fundamental problem through research 
based upon dynamic measurement: of 
the effect on static pressure by the re. 
flection of acoustical energy ai an 
acoustical discontinuity such as pro- 
duced by an orifice plate. The latter will] 
be referred to hereafter as the reflection 
theory. 


From the acoustical standpoint, an 
orifice plate inserted in the pipe line has 
the three basic acoustical elements pre- 
viously described, in a more-or-less 
lumped relationship to each other. By 
direct analogy with electrical alter. 
nating current fundamentals, the pres- 
ence of the reactive components, refer- 
red to acoustically as inertance and 
acoustical capacitance, operate together 
with the third element of resistance to 
effect a phase shift in the pulsation wave 
across the region of the orifice. This is 
illustrated in Figs. 3a and 3c. The vector 
diagram of Fig. 3b shows the relation- 
ship between the real pressure drop 
caused by orifice friction and the re- 
active pressure drops caused by the in- 
ertance and capacity. The addition of 
the three vectors so formed, analogous 
to the procedure followed in electrical 
practice, results in the phase shift ¢. 
The physical meaning of this phase shift 
is illustrated in Fig. 3c where the dashed 
pressure waves represent the continua- 
tions upstream and downstream through 
the orifice of sinusoidal pressure pulse 
waves. Referring this back to Fig. 3a, we 
have illustrated in a qualitative way the 
net effect of this phase shift, 4, when 
superimposed upon the pressure drop, 
AP,, produced by the “d-c” component 
of the pulsation wave in giving the in- 
stantaneous drop AP. The net static loss 
of the orifice is shown as AP,. A mathe- 
matical analysis of the effect of this 
phase shift (for a sinusoidal pressure 
pulse) shows that the shift has an effect 
on the differential reading when the 
latter is averaged in time. Further, dif- 
ferent components of a complex wave 
usually undergo different degrees of 
both phase shift and attenuation so that 
the total energy content of the down- 
stream wave may be considerably dif- 
ferent from that of the incident wave. It 
appears from this that any flow metering 
system based upon time integration of 
the square root of the time averaged 
differential pressure would be in error 
an amount depending upon the totality 
of the phase shift functions for each 
component of a complex pulse wave. Un 
the contrary, assuming proper correc- 
tion for phase shift and attenuation of 
each wave component, greater accuracy 
would be achieved with a system based 
upon time integration of the square root 
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FIG. 4. EXPERIMENTAL ORIFICE METER INSTALLATION. 
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FIG. D. Experimental laboratory set-up for determining effect 
of pulsative flow in orifice metering. (See Fig. 4.) 


of the instantaneous differential pres- 
sure. 

The reflection theory is based upon 
the fact that the propagation of pulsa- 
tion waves is in actuality a form of 
energy propagation that is vectorially 
directed. As mentioned before, Stewart‘ 
shows the mathematical relationship be- 
tween transmitted and reflected acousti- 
cal enery in the case of a sudden change 
in cross-sectional areas (page 72, chap- 
ter 3, paragraph 5). 

If some of the energy of this incident 
pulsation wave is reflected at an orifice 
plate, it should be accompanied by an 
increase in static pressure at the reflec- 
tion side of the orifice plate analogous to 
electromagnetic radiation pressure. Its 
occurrence should therefore result in an 
average differential reading on the high 
side. If, on the other hand, the pulse 
energy that passes through the orifice 


FIG. E. Flow meter and differential pressure 
indicators attached to manifolding. 
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produces an acoustical standing-wave 
condition on the downstream side of the 
orifice by virtue of acoustical resonance 
in the meter run piping, such a standing 
wave may affect the pressure condition 
immediately downstream of the orifice 
plate sufficiently so as to produce a re- 
sultant dimunition in differential pres- 
sure. Thus, the reflection theory pro- 
vides an explanation for anomalies that 
are frequently observed to occur in prac- 
tice wherein one orifice meter mmy read 
high, another low, and still another may 
read either high or low, depending upon 
beta ratio and d-c throughput condi- 
tions. 

Experimental evidence that substan- 
tiates the reflection theory was recently 
obtained at the metering installation of 
the Southern California Gas Company- 
Southern Counties Gas Company Blythe 
compressor station. The data obtained 


were of two general types: (1) Elec 


tronic measurements of the a-c com 

ponent of static pressure (pulse pres- 
sure), and (2) electronic measurements 
of the instantaneous differential pres- 
sure across orifice plates. The installa- 
tion is illustrated by means of Figs. A, 
B, C. Photograph No. A shows the five 
meter runs that are located immediately 
upstream of the compressor station suc 

tion gas cleaners. The orifice meters are 
in the individual meter houses appear 

ing in the foreground. Fig B is a view 
looking almost directly opposite in di 
rection to the point from which Fig. A 
was taken. Fig. C shows the method of 
installation of the electrical transducers 
through tees and valves whereby in- 
stantaneous pulsation pressures and/or 
differential pressure measurements were 
obtained. The oscillographic recorders 
were located in a mobile laboratory'” 
from which electrical communication 
to the pressure pickups was made 
through shielded electrical cables. 
Similar data were obtained at consider- 
able distances upstream from the Blythe 
compressor station; specifically, at the 
Ehrenberg metering station of the El 
Paso Natural Gas Company, and at a 
24-in. check orifice-metering installation 
approximately 24 miles upstream from 
the Ehrenberg station, also in the E! 
Paso Natural Gas Company California 
line. Particularly at Blythe, a very close 
correspondence was observed. betwee! 
differential pen swings and amplitude 
of the beat frequency envelope of the 
pulsation wave generated by the nor 

synchronous reciprocating compressors 
immediately downstream from __ the 
meters on the other side of the gas 
chambers. The width of the beat fre 
quency envelope of the pulsation wave 
represents a variation in intensity of the 
pulsation wave itself. The one to one 
correspondence of peaks of such en 
velopes with maximum differential pen 
swings in the flow meters is believed % 
lend support to the reflection theory pre 


FIG. F. Orifice meter showing installation of 
differential pressure-manifold assembly and magneto- 


strictive dynamic pressure transducers. 
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FIG. 5. Simultaneous traces of differential pressure, upstream pressure, and downstream pressure at an orifice plate. (Typical.) 


viously advanced. The same phenom- 
enon was observed approximately 6 
miles upstream at the Ehrenberg meter- 
ing station and again at the check meter 
already referred to. 

Table 1 contains the results of fre- 
quency analyses of the upstream and 
downstream pulse waves for one of the 
orifices (flange taps). Although the up- 
stream and downstream components are 
not directly comparable intensity-wise, 
inspection of relative intensities of the 
components for each indicates that a 
considerable change in pulse wave shape 
occurred from one side of the orifice to 
the other. This change was verified by 
comparison of the associated oscillo- 
graphic pulsation traces, which also 
showed the presence of phase shift be- 
tween upstream and downstream waves. 

A badly resonant condition in the flow 
meter connecting lines to one of the 
meter runs was observed at the Blythe 
station. With the pressure transducers 
situated at the meter, resonant condi- 
tions were clearly demonstrated. Upon 
the insertion of a 25-ft length of 1%-in. 
diam copper tubing in one of the meter 
leads near the orifice plate flange tap a 
completely different picture was ob- 
tained with respect to instantaneous 
pulse pressures and differential at the 
meter. In particular, the resonant con- 
ditions were virtually eliminated. This 
change was explained as being due to 
one or both of two causes, One lay in the 
fact that an unbalance in the acoustical 
length of the metering lines had been 
produced, thus altering the phase rela- 
tionship of the pressure pulses reach- 
ing the recording meter through the 
lines. The second was in the relative in- 
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crease in attenuation of pressure pulses 
in one of the leads due to the %-in. 
diam restriction. The net result clearly 
demonstrated the profound effect acous- 
tical changes in meter connecting lines 
can have upon the operation of the in- 
ferential measuring type of recording 
flow meter. It is believed that as a rou- 
tine precaution, acoustical isolation of 
recording meters and/or their connect- 
ing leads would in general be of great 
benefit. Such isolation could readily be 
achieved by the use of acoustical filters® 








TABLE 1. Pressure-pulse frequency 
component analysis upstream and 
downstream of orifice field 
experiment. 

(Upstream and downstream levels are not 


comparable from the standpoint of intensity) 
Compressor situated downstream of orifice 








Intensity * 
Frequency, Upstream, Downstream 

cps per cent per cent 
5.0 100 100 
10.0 ll 3 
12.5 _ 1 
15.0 15 5 
20.0 1 — 
25.0 2 2 
30.0 3 2 
40.0 6 5 
45.0 1 — 
60.0 — 10 
87.0 9 6 
184 1 — 
243 2 — 
355 - 7 
420 2 — 


Boundary conditions 


16 in. meter run (I D=15.25 in.) w/10.5 in. plate 
Pressure drop=35 in. HO 


Pressure =478 psig 
Throughput =3,460,000 scfh 
Temperature =86 F 


Gas gravity =0.655 








* 100 per cent=strongest component/of either upstream or 
downstream pulse 
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without resorting to methods of flow re- 
striction, which may or may not retain 
adjustment over long periods of time. 

Figs. 5 and 6 illustrate the effects of 
pulsative flow on an experimental orifice 
in a pilot plant installation. These data 
were obtained using the equipment il- 
lustrated schematically in Fig. 4, and 
Figs. D, E, and F. Throughput set- 
tings were accurately reproducible from 
run to run by the use of a rotameter on 
the suction side of the reciprocating 
compressor. In order to compare the 
effect of pulsative with non-pulsative 
flow, the use was made of a filter type 
pulsation dampener, which could be in- 
serted in the flow path at will to remove 
nearly 100 per cent of the pulsation 
induced by the compressor. Fig. 5 is a 
typical example of the electronic trace 
data taken, and is a photographic re- 
production of some of the recordings. 
Of immediate interest is the phase shift 
that occurs across the orifice. This phase 
shift, 6,, &,, or &,, (which are approxi- 
mately equal), was established for cor- 
responding and easily discernible por- 
tions of the pulse waves upstream and 
downstream of the orifice (at flange 
taps). The explanation for the alter- 
nating amplitudes of successive pressure 
waves lies in the fact that the compres- 
sor is double-acting and the crank end 
stroke has less capacity than that of the 
head end. It is also noticed that there is 
a considerable change in wave shape 
across the orifice. 

The frequency component analysis of 
the upstream and downstream waves is 
presented in Table 2. The conditions 
under which these frequency analyses 
were obtained correspond to an attenua- 


ELIT ee) Pte | 


Pe PEEL 


Mihi 


SUR 


[ioe eee ete 


Advancing Across 


Alabama... . 


Welded Pipe Line 


Other Republic Products include Upson Bolts, Studs, Nuts and Rivets—Pipe—Sheets—Plates—Electrunite Heat Exchanger Tubes 


THE PETROLEUM ENGINEER, July, 1952 


Here you see a section of natural gas pipe line going in the 
ditch fast near Leeds, Alabama. This line is made of Republic 
24-inch Electric Fusion Welded Pipe. 


This big pipe goes together fast because its circumference 
always is constant, and its wall thickness always is uniform 
... with an even distribution of metal all around the pipe. 
Field joints line up accurately and quickly. The entire circum- 
ference can be welded at top speed. 


This rugged pipe is electric fusion welded inside and out. 
Then, it’s hydraulically expanded to uniform size, straightness 
and circumference . . . to increase its high yield strength for 
safer pressure handling. 


All facilities of Republic’s integrated mill at Gadsden, Ala- 
bama, are devoted to production of expanded Electric Fusion 
Welded Line Pipe in sizes 24-inch through 30-inch O.D.— 
and to keeping the big pipe moving out to its big jobs. 


REPUBLIC STEEL CORPORATION 
GENERAL OFFICES e CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


To obtain more information on products advertised see page E-41 D-53 














Before you buy anybody’s 


MICROWAVE SYSTEM 


Consider these 5 facts! 


1. Who is the manufacturer? 


When you specify RCA, the answer is easy. 
Because RCA is the world’s greatest name in 
radio, television, and related activities. RCA 
has pioneered in high-frequency radio com- 
munications and really knows microwave 
from start to finish. 


2. What has he actually done 
in the microwave field? 


Again, RCA has rolled up an impressive 
record. Installed and operating are more 
than 19,000 channel miles of RCA micro- 
wave systems, for pipelines, power utilities, 
turnpikes, and government agencies. One 
system is over 1000 miles long, extends from 
New York to Washington and Pittsburgh. 
And after three years’ continuous experi- 
ence, expansion is being planned . . . proof 
enough of outstanding RCA performance. 


3. Is he equipped 
to install microwave? 


Again, with RCA, the answer is “yes.” RCA 
will handle your installation for you . . . will 
even furnish you with a detailed aerial sur- 
vey of the microwave route. 


4. Is he equipped 
to maintain microwave? 


Again, RCA is out in front, with a nation- 
wide service organization geared to handle 
your microwave maintenance on a 24-hour 
basis. It’s the RCA Service Company—al- 
ready well known for its service to industry 
on other types of electronic equipment. It’s 
available to you when you specify RCA. 


5. Is the equipment designed 
with an eye to the future? 
Yes... if it’s RCA equipment. 

For instance—consider the matter of add- 
ing additional voice and signal channels. 
Thanks to RCA’s “‘eye to the future”’ design, 
you can add or drop channels at any station 
with a minimum of cost . . . a minimum of 
equipment. . 


Why settle for less 
than RCA MICROWAVE? 


When you start talking about microwave, 
you're talking about money. So isn’t it just 
good sense to be sure you invest in the best? 
With RCA, you’re dealing with the leading 
name in radio . . . with men who know 
microwave. So specify RCA—and be sure. 


You get these 7 plus features 
with RCA Microwave 


i. Uses conventional tubes throughout. 
2. Easy to tune. Has built-in metering. 
3. Handles large number of single side- 
band frequency division channels without 
excessive cross-talk. 

4. Flexible. Any or all voice or control 
channels can be picked up or dropped at 
any station, repeater or terminal. 

5. Service channel with signaling avail- 
able at each repeater and terminal station. 
6. Vertical space, provides ready access 
both front and rear. 

7. Designed, built, and backed up, by 
RCA ... world leader in electronics. 
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tion in peak pulse of 39 per cent (see 
Fig. 6). The variation in relative at. 
tenuations of the component frequencies 
is clearly illustrated in the fourth «ol. 
umn of the table, which shows the 
change in the per cent intensity from a 
particular frequency component from 
upstream to downstream side of the 
orifice. These data are similar to thse 
presented in Table 1 except that in ‘his 
case all intensity figures are compar2ble 
with each other. 

Fig 6 illustrates the effect of pulsative 
flow upon the flow rate indicated by a 
standard type flow meter for the above 
experiment. In determining the per cent 
discrepancy in indicated flow rate, flow 
meter readings under conditions of no 
pulsation were assumed to be accurate. 
Removal of the pulsation dampener 
from the flow path, thus allowing pulsa- 
tive flow to affect the orifice differential, 
resulted in changes in flow meter read. 
ings. These changes in reading were 
then expressed as a per cent of that ob- 
tained under smooth flow conditions 
and plotted in Fig. 6 as per cent dis- 
crepancy. The other curves of Fig. 6 are 
(a) the actual peak pulse pressure, and 
(b) the per cent attenuation of the pul- 
sation across the orifice. A good cor- 
relation is apparent between the latter 
and the per cent discrepancy curve. 

To summarize, the objective of this 
paper is to introduce electrical analogies 
into the orifice metering problem, coup- 
led with a sample of field and laboratory 
experimental data with the suggestion 
that the concept of analogies be used to 
help analyze the orifice metering prob- 
lem as caused by pulsative flow. The 








TABLE 2. Pressure-pulse frequency 
component analysis upstream and 
downstream of orifice laboratory 
experiment. 


Compressor situated upstream of orifice 








Intensity* 
Frequency, Upstream Downstream, Change, 
cps per cent per cent per cent 
2.2 23 17 —26 
4.4 100 70 —30 
6.6 23 12 48 
8.8 20 6 —70 
11.0 18 3 —83 
13.2 a 1 —75 
15.4 10 2 —B80 
17.6 3 2 —33 
19.8 10 3 —70 
22.0 3 3 —25 
24.2 4 2 --50 
26.4 5 3 —40 
28.6 7 2 —T1 
30.8 s 2 —50 
33.0 3 2 —33 
35.2 5 3 —40 
37.4 3 2 —33 
39.6 3 2 —33 
41.8 + 2 —50 
44.0 3 2 —33 
60 5 2 —40 
75 3 3 0 
100 3 2 —33 
120 3 1 —b66 
200 3 1 —66 
250 3 1 —66 
400 2 1 —50 
750 2 0 —100 


Boundary conditions 


¥ in. meter run (ID=0.620 in.) w/0.202 in. plate 
Pressure drop=93 in. H20 

Pressure =200 psig 

Throughput =1573 scfh 

Temperature =74 F, approx. 

Gas gravity =0.65 


— 








* 100 per cent=strongest component for both pulses 
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de Bitumastic Enamel 


in your original plans 


@ When planning a new pipe line, 
it’s wise to include Bitumastic En- 
amel in your original plans. These 
coal-tar enamels have established 
remarkable records for preventing 
corrosion . . . they have proved 
what they can do. Many oil and 
gas pipe lines—laid in the nineteen 
twenties — are still giving good 
service today, thanks to these dura- 
ble enamels. 

There are many reasons why 
Bitumastic Enamels are the best 


barrier against corrosion. Here’s an 
important one: through the years, 
Bitumastic Enamels keep moisture 
away from pipe-line surfaces, and 
that prevents corrosion. Ordinary 
protective coatings just can’t keep 
out moisture year after year. 


Specify Bitumastic Enamels for 
your next pipe-line project. It’s the 
sure way to guard against corro- 
sion. For complete details and esti- 
mates, get in touch with one of our 
representatives. 


BITUMASTI( enamens 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 75IT, Pittsburgh 19, Pa. 
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Bitumastic Enamels 
soon available from Koppers 
new California Plant! 


As soon as present construction work 
is completed, Koppers will be able 
to supply Bitumastic Enamels from 
a new plant at Fontana, California. 
The plant is being built to give you 
better service in the West. 
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general theory evolved from this ap- 
proach has been qualitatively substan- 
tiated by means of both field and labora- 
tory experimental data. It is believed 
that a fundamental study of the dynamic 
relationship between flow rate and in- 
stantaneous pressure distribution in the 
vicinity of the orifice plate is necessary 
to the development of an orifice meter 
that is reliable under all flow conditions. 
The most obvious and direct way to 
solve the subject problem is, of course, 
to eliminate pulsative flow itself. It is be- 
lieved that this can be done effectively, 
in most cases, by the use of filter type 
pulsation dampeners. Under the high 
pressure conditions normally encount- 
ered in pipe line gas transmission where 
an orifice flow meter is operating on, 
let’s say, 800 psi service with a differ- 
ential pressure measured in inches of 
water, however, the presence of an 
otherwise insignificant amount of pulsa- 
tion may be sufficient to cause a pro- 
found effect on the flow meter reading. 
To minimize the acoustical effects on in- 
ferential measurement by flow meter 
leads and chambers without resorting 
to restrictions inserted in the leads them- 
selves, effective isolation from resonant 
pressure variations in the vicinity of the 
orifice may be achieved by the use of 
acoustical filters inserted in the meter 
leads close to the orifice takeoff points. 

This paper has not been written by 
experts in the field of “classical” orifice 
metering. It is believed, however, that 
by virtue of the wide experience gained 
by the writers in the electronic measure- 
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FIG. 6. Effect of pulsative flow in orifice metering (experimental). 


ment of pulsative phenomena of various 
kinds under a great diversity of oper- 
ating conditions, a perspective has been 
gained of the pulsative flow versus ori- 
fice metering accuracy problem that may 
be of some benefit to investigators pri- 

















It takes patience, precision, and the 
highest degree of human skill to 
change, with a few light taps, a rela- 
tively worthless stone to a priceless 
gem. In the diamond cutting indus- 
try, fortunes rest on the human 
equation. 

On the human equation, too, rests 
the efficiency of your cathodic pro- 
tection system. Efficient corrosion 
control not only requires the use of 
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the best equipment available, but 
depends on an exacting analysis of 
your problem, and design, installa- 
tion and testing by top-notch special- 
ists in the field. 


Hundreds of operating installations 
attest to the dependability and skill 
of the ERP engineer. Highly trained, 
and backed by years of experience, 
he can help you solve your pipe cor- 
rosion problems too. E-20,) 
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marily concerned with orifice metering 
accuracy. 
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Cure of Pulsation in Centrifugal Blowers 


Operation at critically low output may cause 
surging and result in overheating and damage 


W uen a centrifugal blower is used 
in the capacity range for which it was 
designed, pulsation is seldom a problem. 
There are, however, certain applications 
of blowers where it is necessary to keep 
the blower running during periods of 
very small demand. In the case of cer- 
tain heating processes these “turn- 
down” or “weekend holding” periods 
may call for as little as 10 or 20 per cent 
of rated volume output of the blower. 
In such cases, surging can set up a pul- 
sation that may disturb the process and 
cause overheating and consequent dam- 
age. 

Such pulsation can be prevented, and 
corrected, if one understands the me- 
chanics of pulsation and the character- 
istics of a centrifugal blower, as here 
interpreted by O. W. Acheson, Billmyre 
blower division, Lamson Corporation, 
Syracuse. 

The pressure-vs-delivery curves shown 
in the accompanying sketch are typical 
of all centrifugal blowers, the upper 
curve being of a well-designed blower, 
and the lower curve of a “not-so-well” 
designed blower. Note that in both cases 
the pressure attains a maximum high 
point at some relatively low rate of air 
output, the curve rising at air delivery 
rates below this value and descending 
at rates above this critical value. 


If the demand on a blower is de- 
creased in volume from a normal oper- 
ating point, A, to another normal op- 
erating point, B, above the maximum- 
pressure point, the pressure at the 
blower merely rises correspondingly, 
and pulsation does not occur. If, how- 
ever, the load or volume requirement is 
decreased beyond the maximum-pres- 
sure point, E, to a very low point, such 
as C, the following sequence of circum- 
stances may set up surging. 

The blower delivery pressure first de- 
creases from E to C at the blower itself. 
Thus for a moment, the pressure in the 
piping system connected to the blower 
is greater than the pressure at the 
blower itself. Thus the air in the line 
tends to reverse its direction and flow 
back into the blower (this can be ex- 
tremely dangerous in handling gas to a 
burner or combustion chamber) until 
both pressures become equalized. When 
this is achieved the blower again re- 
sumes its normal function of pumping 
air into the system—until the restriction 
at the line outlet again reduces through- 
put and causes the sequence to repeat. 

It is this repetition that constitutes 
surging. 

The frequency and intensity of surg- 
ing depends upon: (1) The slope of the 
pressure-vs-volume curve, (2) the rate 





Pressure vs delivery curves. 


% of Rated Blower Pressure 
~ pS o @ 
°o (o) °o (o} 


° 


40 





% of Rated Blower Volume 


60 80 








PETROLEUM ENGINEER, July, 1952 


at which air is being removed from the 
system, and (3) the volume of the pipe 
system to which the blower is delivering 
air. The same principles apply whether 
the centrifugal unit is operating as a 
blower or an exhauster. 

The wisest action to take in the pre- 
vention of pulsation is the anticipation 
of circumstances that might cause it. 
The phenomenon will not occur in vol- 
ume above the point E. If the applica- 
tion is such that low turn-downs are ex- 
pected, it is prudent to so indicate when 
the blower is being ordered. The blower 
manufacturer, can in most cases, select 
and specify to prevent pulsation. 

If, however, pulsation or surging is 
noticed in a finished installation, any of 
the following four steps can be taken: 

(1) Consider the economics of re- 
placing the blower with a smaller capac- 
ity unit having a consequently lower 
surge point. 

(2) Consider purchasing a small ca- 
pacity unit for turn-down periods. 

(3) Make sure the amount of air de- 
livered by the blower is always above 
the surge point by bleeding enough air 
out of the system beyond the blower. If 
you are handling gas rather than air it 
will be necessary to recirculate this 
bleed flow back into the blower inlet. If 
you recirculate the bleed, however, re- 
member that you are compressing and 
re-compressing that portion of the gas 
and building up the blower temperature 
to a point that may be detrimental. 

(4) If the surging is infrequent and 
of short duration, it may not be harmful 
to the blower at all. Surging at the point 
of air or gas use may be eliminated by 
adding a surge tank or increasing the 
cubical content of the piping in front 
of the nozzle. 

(5) Ask the manufacturer to make 
minor changes in the blower design to 
permit bypassing of the air. or take 
other steps that will eliminate the 
troublesome pulsation at the sacrifice of 
a little blower efficiency or tightness of 
the installation. 

Actually, the more efficient a blower 
operates and the tighter the air system 
is beyond the blower, the more likely it 
is to surge at very low operating points. 
Fortunately, the uses for compressed air 
or gas, which demand blower operation 
at critically low output, are infrequent 
so that the use of high-efficiency equip- 
ment can be used in all but the rarest 
of cases. kkk 
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NEWS 


AGA Expects Record 
Attendance at Convention 


With more than 3500 people now as- 
signed hotel reservations in advance, it 
is expected that the 34th annual conven- 
tion of the American Gas Association 
at Atlantic City, New Jersey, October 


27-30, will draw the largest attendance ~ 


in the history of the association. The 
AGA general convention committee, un- 
der the chairmanship of F. A. Lydecker, 
Public Service Electric and Gas Com- 
pany, Newark, New Jersey, predicts that 
more than 10,000 gas utility and gas ap- 
pliance company representatives, deal- 
ers, and guests will attend the conven- 
tion. 

The Convention Committee is arrang- 
ing a program that will hold the interest 
of nearly every segment of the gas in- 
dustry. Top flight speakers will talk on 
subjects of national and industry im- 
portance. Musical programs are being 
arranged for the evenings, and the ladies 
will be tendered a card party and tea. 

The AGA housing bureau at Atlantic 
City urges prompt action in requesting 
hotel reservations. 


Service Laying Crossing 
Of Mississippi River 


Preparations for snaking a giant con- 
crete-coated crude oil pipe line across 
the Mississippi River near Fort Madi- 
son, Iowa, by the Service Pipe Line 
Company are nearing completion. 

As part of a program to increase its 
delivery capacity between southwestern 
and Rocky Mountain oil fields and the 
Chicago refining area, a 20-in. line, 
especially coated to add additional 
weight, will be lowered into the river. 

Anderson Brothers Corporation of 
Houston, Texas, is the principal con- 
tractor. Approximately 8000 ft of the 
pipe will be laid in a dredged river 
bottom excavation from the Iowa bank 
near Fort Madison to the Illinois bank 
down river from Niota. 

About 31% miles of 20-in. pipe will 
connect the river crossing to the com- 
pany’s existing line system at its East 
Fort Madison, Illinois, pump station. 

Pipe for the river crossing has been 
given a coating of a concrete-like mate- 
rial to give it protection and additional 
weight to hold it firmly on the bottom 
of the river. 

Dredging of the deep ditch has been 
completed from the channel to the Iowa 
side of the river, and is now progressing 
toward the Illinois bank. Barges with 
ramp and derricks will be used in the 
laying operation from the Iowa side. 

When completed Service Pipe Line 
will have six lines across the Missis- 
sippi at this point. Two of the existing 
8-in. lines are in need of repairs. 

The company recently completed two 
new 20-in. loops, one near Odessa, and 
one near LaPlata, Missouri. The con- 
tractor is now cleaning up right of way 
on the Odessa loop and will soon move 
to the LaPlata loop. 
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Bennie G. Pierce, safety director, H. C. Price Company, looks on as Ha 





43 


rold . 


Price, receives the Certificate of Honor from Albert A. Munsch, safety representative 
of the Bureau of Mines. At right is John M. Thomas, vice president of the Price Com- 


pany pipe line division. 


Safety Award Made to H. C. Price Company 


Harold C. Price, president of the H. 
C. Price Company of Bartlesville, Okla- 
homa, was recently awarded a Certifi- 
cate of Honor from the Joseph A. 
Holmes Safety Association in recogni- 
tion of the company’s success in reduc- 
ing its accident frequency rate from 
158.4 per million man-hours in 1948 to 
43.7 in 1951. Albert A. Munsch, safety 
representative for the United States 
Bureau of Mines, which sponsors the 
Holmes Safety Association, presented 
the award. 

The Joseph A. Holmes Safety Asso- 
ciation was organized by the nation’s 
leading technical societies and mining 
organizations to perpetuate the memory 
of Joseph Austin Holmes, a recognized 
leader in the safety movement and first 
director of the Bureau of Mines. The 
object of this association is to provide 
a method of obtaining the active interest 


of all employers and employees in all 
branches of the mineral industries in 
the promotion of safety. Among its ac- 
tivities is the awarding of certificates of 
honor to operating companies that have 
achieved outstanding records in safety. 


Panama-Williams Company 
New Pipe Line Contractors 


The Panama-Williams Company, a 
new pipe line construction firm, has 
been organized with its main headquar- 
ters at Houston, Texas. Principles are 
Maurice S. Williams and M. E. “Pana- 
ma” Shiflett, men well know in the in- 
dustry. Both have recently been 
associated with Anderson Brothers Cor- 
poration of Houston, and Shifflet, prior 
to that, was with Oklahoma Pipe Line 
Constructors of Dallas. Williams is a 
vice president of the Pipe Line Con- 
tractors Association. 





Water Vessels at Malvern, Arkansas, compressor station. A 117,000-gal 


standpipe and a 10,000-gal Watersphere erected at the Texas Illinois Natural Gas 
Pipeline Company's compressor station at Malvern, Arkansas. The standpipe is 20 ft 
in diam by 50 ft high and has an umbrella roof. The Watersphere is 40 ft to the 


bottom of the water capacity. 
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PROVED IN 18 YEARS OF USE 
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Cut a piece of plate, ready-made half sole or sleeve 
to extend about 1” on both sides and ends of gasket. 





Fit plate over gasket so it extends beyond the GRO- 
CORD gasket on all sides. 





Clamp repair tight with a chain jack to shut off the 
leak. With clamps, hold plate in contact with pipe 
at all points. Weld all around and REMOVE 
CLAMPS. Clamps may be left until welding equip- 
ment is available. GRO-CORD gaskets have been 
in service as long as 5 years before final weld. 





Permanent welded repair after clamps removed. 

B Specially shaped GRO-CORD gaskets are used by 
pipe line companies everywhere. Tested at 1600 Ibs. 
p.s.i., oil resistant cotton impregnated GRO-CORD 
gaskets last for years. 


‘Se, 


iia °° ° Jobber Inquiries 


DALLAS Invited! Write for 


Folder OGJ 49 


GRO SOR 


PIPE REPAIR GASKETS 


DALLAS MANUFACTURING & SALES COMPANY 


POST OFFICE BOX 7181 DALLAS 9, TEXAS 
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plus over *. 
35 YEARS of EXPERIENCE * 
BUILDING PIPELINES ,o*” 
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It'son OM Job... It it’s done by 


Oklahoma Contracting Company 


6612 HARRY HINES DALLAS, TEXAS 
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THIS MODERN 
OFFERS 


Yale’s O-Ring sealing principle (patents pending) 
makes possible this truly modern blank cap union. 
The many advantages it offers add up to greatly 
increased efficiency...and that’s the reason so 
many lines are now installing YALE 2-Piece Unions 
on strainers, scraper traps and manifolds. 


- - . and stronger, also, 
and there’s no loose, un- 
necessary pieces to lose 
or damage. 


A positive pressure seal 
is obtained by snapping 
up the cap. 


SAFER TO HANDLE 


The solid, one-piece cap is made 
up, broken out, opened and closed 
without undue exertion or danger. 


WRITE TODAY FOR COMPLETE INFORMATION 


To obtain more information on products advertised see page E-4] 





Pipe Line News 








Draglines Work On River Crossing in Louisiana. Two Lorain draglines, a 
1-yd “50-K"’ in the foreground, and a %-yd ‘‘TL25-X"’ in the rear, excavate for a 
river crossing on a 12-in. Texas Gas Transmission Corporation line. The scene is on 
the banks of the Bayou Barthlowmew, Bastrop, Louisiana. Houston Contracting Com- 
pany, Houston, Texas, has the contract for this 189-mile line between Arcadia and 
Moorehead parishes. 


Unusual Piston and Ring Installation Watched 


A meeting of special interest to the 
natural gas industry was held at the 
Oran, Missouri, compressor station of 
the Texas Eastern Transmission Cor- 
poration recently. The purpose was to 
inspect an unusual piston and piston 
ring installation in a 10-cylinder Inger- 
soll-Rand KVG engine. 

The setup varied from the usual in 
three major respects: 

(1) The pistons were made by the 
Nickels Machine Works in Ponca City, 
Oklahoma, and incorporated full flow 
oil-cooled pistons. These were straight 
skirt pistons with much less than normal 
cylinder clearance, completely metal 
sprayed with aluminum. The coating of 
aluminum included coverage of the pis- 
ton head. 

(2) The piston rings were supplied 
by the France Packing Company in 
Philadelphia. They were much more 
narrow than standard. The compression 
rings were 4-in. wide and the oil rings 
3%-in. All the rings were made of cen- 
trifugal iron and were heat tensioned 
for perfect shape. The installation in- 
cluded a chrome plated top ring and 
conventional expander type oil control 
rings. 

(3) The engine was equipped with 
two lubricators per cylinder introducing 
oil on the high side of each cylinder be- 
tween the first and second compression 
rings at the bottom of the stroke. 

Although the preliminary inspection 
was made after a relatively short period 
of operation, approximately three 
months, the results were very encourag- 
ing. All the rings and cylinders were 
polished with no measurable wear. Oil 
consumption was exceptionally low, the 
only oil added to the engine was through 
the lubricators, which were set for 2 
gal per 24 hr. 
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It was noted prior to teardown that 
the engine operated much more quietly 
than most engines of this type, due pri- 
marily to the design and fit of the 
pistons. 

Agreement among those present indi- 
cated that great progress had been made 
and it was assumed that the life of the 
installation would far exceed normal. 

In addition to the Texas Eastern, 
Nickels Machine and France Packing 
Company engineers, guests included op- 
erating personnel of Panhandle Eastern 
Pipe Line Company, El Paso Natural 
Gas Company, Mississippi River Fuel 
Corporation, Tennessee Gas Transmis- 
sion Company, Michigan-Wisconsin Pipe 
Line Company, The California Com- 
pany, Texas Gas Transmission Corpora- 
tion, United Gas Pipe Line Company, 
and engineers from Ingersoll-Rand and 
Socony-Vacuum Oil Company. 


Mr. and Mrs. Jim Cummings 
Recovered From Accident 


The many friends of Jim Cummings. 
of Crutcher-Rolfs-Cummings, Inc., Hous- 
ton, Texas, will be glad to learn that he 
and Mrs. Cummings suffered no serious 
injuries in the automobile accident in 
which they were involved on May 17. 
The accident occurred at San Marcos, 
their home, when the Cummings car 
skidded on wet pavement and crashed 
into a pickup, completely demolishing 
their car. Fortunately, the injuries, 
though painful, were not fatal. Each re- 
ceived several fractured ribs and numer- 
ous cuts and bruises, which hospitalized 
them for a week. 

Now completely recovered, Mr. and 
Mrs. Cummings wish to express appre- 
ciation to the many who have contacted 
them and shown their sympathy. 
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Interstate Oil Pipe 
Line Lets Contracts 


Interstate Oil Pipe Line Company, 
Shreveport, Louisiana, announces jhe 
letting of a contract to Latex Constrije- 
tion Company of Georgia for construc- 
tion of 23.5 miles of 8-in. crude oil pipe 
line from its Cranfield station, Adains 
County, Mississippi, to Esperance Peint. 
Concordia Parish, Louisiana. Constric- 
tion began eariy in June at Cranfield 
station and is expected to be completed 
by July 31. 

In addition to the 23.5 miles of 8-in. 
trunk line, Interstate has let a contract 
to Campbell Welding Works, Natcliez, 
Mississippi, for the construction of 3 
miles of 8-in. gathering line and 17 
miles of 4-in. gathering line with nec- 
essary facilities. Construction is sched- 
uled for completion August 15. 

These projects will provide pipe line 
outlet for the recently discovered Esper- 
ance Point, Deer Park, Fairview, and 
Lismore fields in Concordia Parish, 
Louisiana. The crude oil from these 
fields will be moved to Interstate’s Cran- 
field station and thence through existing 
transportation facilities to Baton Rouge. 


Ed Falls Southwest 
Manager for Motorola 


Eugene S. Goebel, national sales 
manager for the Motorola Communica- 
tions and Electronics Division, has an- 
nounced the appointment of Ed Falls as 
regional manager for the division’s 
southwest sales area. This region in- 
cludes the states of Texas, Oklahoma, 
Louisiana, and ..ew Mexico. 

In this capacity Falls will direct the 





Ed Falls 


sales and service of two-way radio equip- 
ment, power line carrier systems, and 
microwave systems in this region. A 
former zone manager .for the southern 
California area, Falls succeeds John 
Jipp who has been appointed to manage 
the Motorola West Coast department. 

Falls, who had had a total of nine 
years’ association with Motorola in 
various capacities, came back to the 
company as a radio communications en- 
gineer and was assigned to the Southern 
California area in 1948 after release 
from the United States Navy. 

He has had extensive training with 
the British Radar and Research Labora- 
tories and took specialized electronics 
training at the Massachusetts Institute 


- of Technology. 
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Darrell Knight 


Knight Handling Motorola's 
Trade Press Activities 


Darrell Knight, a member of the 
Motorola staff for the last two and a 
half years, will in the future direct trade 
press relation activities of Motorola’s 
Communications and Electronics Divi- 
sion. In this capacity he succeeds Dale 
Samuelson, who recently accepted a 
position as national sales promotion 
manager of The Hammarlund Manufac- 
turing Company, Inc., New York City, 
manufacturers of electronic equipment. 

Knight assumes the responsibility of 
handling news releases, writing and edit- 
ing feature stories concerning Motorola 
products, and aiding the editorial staffs 
of the trade press. 


Sinclair to Construct 
Terminal at Spartanburg 


Sinclair Refining Company has pur- 
chased a 25-acre site just south of Spar- 
tanburg, South Carolina, and adjoining 
both the Plantation Pipe Line Com- 
pany’s system and the Southern Rail- 
way. In making this announcement, P. 
C. Spencer, president, stated that the 
company plans to erect a modern bulk 
terminal for distribution of its products 
in an area of approximately 100-mile 
radius. 

Plans call for the erection of storage 
facilities for more than 4,500,000 gal of 
gasoline, kerosine, diesel and tractor 
fuel, and home heating oil. These stor- 
age tanks will be equipped with the 
latest fire prevention and vapor recov- 
ery accessories. Each tank will have a 
remote control automatic, electric motor- 
driven loading pump with a capacity of 
600 gal per min. 

Loading racks for both railroad tank 
car and transport trucks will be part 
of the facilities. The tank car loading 
rack, capable of handling eight cars 
simultaneously, will be connected with 
the Southern Railway system by a 1000- 
ft spur. The tank truck loading rack will 
have a capacity of approximately 100 
transport trucks daily. A 60 ft by 200 ft 
brick building containing offices, ware- 
house, garage, and service station equip- 
ment repair shop will be erected. 

Grading of the property is now under 
way and it is anticipated that by the end 
of the year the terminal will be receiving 
products through the Plantation line 
from the company’s refinery at Houston. 
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- IN THE FIELD. 


1" “ 


a YOON THE HIGHWAT 


Where Pipeline Goes i. ‘ UNIT Goes! 


In the field where the going is tough, UNIT TRENCHOES have the 
traction and power for continuous ditching to meet pipeline schedules. 
For laying pipeline along the right-of-way, where the going is smooth, 
the self-propelled mobile UNIT offers road travel speed, plus accurate 
lift and swing control. Designed for speed and stability, UNIT crawler 
and mobile equipment are built to meet every trenching and handling 
job required in pipeline construction work. 


SEE FOR YOURSELF; Let us send you our novel TV Brochure. 
It illustrates the complete UNIT line. 


UNIT CRANE & SHOVEL CORPORATION. 


6603 WEST BURNHAM STREET ° MILWAUKEE 14, WISCONSIN, U.S. A, 





V2 or ¥4 YARD EXCAVATORS...CRANES UP TO 20 TONS CAPACITY 
CRAWLER OR MOBILE MODELS... GASOLINE OR DIESEL 


 sHOvEL | . 
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Southwestern Measurement 
Course Attracts 1034 


The Southwestern Gas Measurement 
Short Course, an annual event of the 
College of Engineering at the University 
of Oklahoma, Norman, attracted 1034 
persons this year, who came from 34 
states and two foreign countries. 

The course was formally opened by 
the general chairman, James L. Griffin, 
of the Northern Natural Gas Company, 
and the initial address was delivered by 
the president of that company, James 
F. Merriam. 

Eighty classes of diversified subjects 
related to gas measurement and regula- 
tion were taught by experts in their 
fields. These classes were well attended 
and much valuable information was dis- 
seminated. 

Griffin, who was general chairman for 
the 1952 short course was promoted to 
the executive committee, of which W. H. 
Carson, dean of the College of Engineer- 
ing, University of Oklahoma, is chair- 
man. The executive committee ap- 
pointed T. S. Whitis of the West Texas 
Gas Company as chairman of the gen- 
eral committee for the 1953 short course. 
Other appointments made by the general 
committee were: Pat H. Miller, Texas 
Eastern Transmission Corporation, 
chairman of the program committee; R. 
O. Cox, Lone Star Gas Company, chair- 
man of the publications committee; T. 
S. Kirkpatrick, Panhandle Eastern Pipe 
Line Company, chairman of the prac- 
tical methods committee; Gordon B. 
Gudger, Gulf Oil Corporation, chairman 
of the exhibits committee; Miss Kate A. 
Niblack, Oklahoma Utilities Associa- 
tion, chairman of the publicity and regis- 
tration committee, and W. H. Carson, 
chairman of the general arrangements 
committee. The 1953 short course will be 
held April 21, 22, and 23. 


Supervisory Control and 


Telemetering in Industry 


Supervisory control and telemetering 
are being applied for the operation of 





pumping stations. This installation is at 
the Pentland pumping station of the 
General Petroleum Corporation. Six 
pumps driven by 75-hp, explosion-proof 
motors, on two 8-in. main crude oil pipe 
lines are controlled from the Continental 
dispatcher’s office 11 miles away. Flow 
of oil also is telemetered, 
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Cficials of the 1952 Southwestern Gas Measurement Short Course. 






Fey 


Seated: T. $. Whitis, West Texas Gas Company, chairman, program; W. H. Carson, 
University of Oklahoma, chairman, local arrangements; Miss Kate A. Niblack, Okla- 
homa Utilities Association, chairman registration and publicity; James L. Griffin, 
Northern Natural Gas Company, general chairman. Standing: K. R. Tibbets, Warren 
Petroleum Corporation, chairman, publications; W. A: Griffin, Daniel Orifice Fitting 
Company, chairman, exhibitors advisory subcommittee; R. O. Cox, Lone Star Gas 
Company, chairman, committee for study of practical methods; Roy S. Peace, Jr., 
Southern Natural Gas Company, chairman, exhibits. 


Analyzer Solves Many Pipe Line Problems 


A pipe line-network analyzer, used in 
solution of problems involving pipe line 
flows and pressure losses in pipe line 
networks, has been installed by Midwest 
Research Institute, Kansas City, ‘ Mis- 
souri. The Mcllroy Pipeline-Network 
Analyzer is one of three such-devices in 
the United States. The others are at 
Washington State College and Cornell 
University, where the first one was in- 
stalled in 1949. This 7-ft electronic and 
mechanical marvel has proved itself ex- 
tremely valuable and a great time-saver, 
when several alternate plans are under 
consideration for construction, exten- 
sion, or reinforcement of a pipe line net- 
work, by cutting down the time used in 
calculations. Once the analyzer is set 
up for a specific problem, the answers 
can be obtained in about half an hour, 
where formerly it took days and weeks 
by trial and error methods. 

Typical examples of the varied ap- 
plications of the analyzer are found in 
studies such as determination of favor- 
able location for pipe lines; selection of 
pipe diameters for best combination of 
economy and performance; effects of 
choice of elevation of reservoirs or stor- 
age tanks, and evaluation of pressure 
variations. 

The analyzer utilizes a system of elec- 
trical analogies for physical factors in- 
volved in networks carrying water, oil 
and natural gas, as well as steam heat- 
ing networks and air conditioning sys- 
tems. An electrical control board is used 
to duplicate an actual supply network, 
which can be composed of as many as 
99 different supply lines. The operator 
can also control such factors as source, 
rate of flow, pressure and other related 
elements. , 

Special tubes, known as fluistors, are 


employed and the amount of light re- 
flected by these lamps indicates the sec- 
tion of pipe line that is under the heav- 
iest load, and the meter readings on the 
front of the device register other com- 
parative values of pipe line networks. 
Engineers are thus able to evaluate and 
interpret the results to determine con- 
struction or modification requirements. 


Oil Movement Through 
Pipe Lines Up First Quarter 


The transportation revenue and the 
number of barrels of oil originated on 
line and received from connections, as 
reported by large oil pipe line com- 
panies subject to the jurisdiction of the 
ICC, are shown below for the first quar- 
ter of the years 1946-1952. In the 1952 
period both the volume of oil handled 
and the transportation revenue exceeded 
those of any corresponding period for 
which records are available. (The first 
quarterly data cover the year 1938.) The 
traffic volume for the first quarter of 
1952 increased 12.3 per cent over that of 
1951 and the revenues were up 11.7 per 
cent. In comparison with returns for the 
1946 period, the increases are 71.0 and 
102.7 per cent, respectively. 








Number of barrels of oil 


First Transportation originated on line and re- 
quarter revenues! ceived from connections! 
thousands 
1946 $ 64,557,635 490,806 
1947 68,717,486 522,717 
1948 80,196,660 606,045 
1949 84,500,886 604,090 
1950 91,043,251 584,349 
1951 117,167,798 747,726 
1952 130,834,913 839,514 
Per cent 
increase: 
1952 over 1946 102.7 71.0 
1952 over 1951 OY 12.3 





1 Based on quarterly reports of oil pipe lines having 
revenues of more than $500,000 per annum. 
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P cmeuin of Maintenance Equipment Co. 
by Bill Dreyer gives the pipeline industry 
those two essentials so necessary for on- 
time delivery of the proper equipment: 
A thorough understanding of pipeliners’ 
problems plus adequate facilities to pro- 
duce their requirements. 


On June 30th, the partnership between 
Crutcher-Rolfs-Cummings and Bill Dreyer 
was dissolved and operation of Main- 
tenance Equipment Co. began on July Ist. 
In addition to offering the same design 
and ' fabricating facilities, Maintenance 
Equipment Co. will also be distributing 
agents for most of the manufacturers 
formerly represented by the C-R-C-Dreyer 
partnership. 


You are invited to inspect our facilities .. . 
and to send inquiries for your maintenance 
needs. Quotations will be made promptly 
... all work is fully guaranteed . . . and 
delivery will be on time. 
























dd 


G. W. “BILL” DREYER 


@ PIPELINE STRAINERS 
@ SCRAPER TRAPS 
2 BLANKING UNIONS 

@ PIPELINE PUMPING UNITS 
@ GASOLINE FILTERS 


@ HELICOID PRESSURE 
GAUGES 


@ P-D FIRE WALL DRAIN 
GATES 


@ PIPE LINE HALF-SOLES 
@ PRESSURE VESSELS 


@ FABRICATION OF ALL 
TYPES 
COMPLETE ENGINEERING SERVICES 


. MODERN MACHINE AND 
FABRICATION FACILITIES 


MainTENANCE EquipmMeENT Co. 


: 
pipeline OPERATING & MAINTENANCE quiPn™ 
2305 LYONS AVENUE @ HOUSTON, TEXAS 
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To obtain more information on products advertised see page E-41 D-65 


G. W. “BILL” DREYER 
Telephone FAirfax. 0144 









Pipe Line News 


Seek Purchase of 
Gas Line Properties 


Rockland Light and Power Company, 
of Nyack, New York, has applied to the 
Federal Power Commission for authority 
to acquire all natural gas properties in 
Rockland and Orange counties, New 
York, of Rockland Gas Company, Inc., 
of Spring Valley, New York. 

Rockland Gas Company owns and op- 
erates approximately 249 miles of gas 
lines, which have a maximum daily ca- 
pacity of 14,000,000 cu. ft. 

The payment for the properties would 
be four shares of Rockland Light’s com- 
mon stock for each share of Rockland 
Gas’ outstanding common stock, which is 





Hydrostatic Pipe 
Testing Equipment 

In the last few years, Hydropress, 
Inc., of New York, New York, have built 
and put into operation a number of hy- 
drostatic pipe testing installations. 
These machines are designed for the 
high speed testing of pipes in accord- 
ance with the most recent API stand- 
ards. These standards require test pres- 
sures up to 10,000 psi when testing N-80 
grade pipe. 


_:4,The subject machines can test, ex- 
“ternally upset, plain ended as well as 


coupled and threaded pipe. The high 
production rate of these machines en- 
ables them to be set directly into the 





equivalent to $1,220,000. production line of the finishing end of 
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moni) THE PIG WITH THEPOKE 













































H. E. Davis 


los Angeles 15, Calif. Amarillo, Texas 


mea) CLEANS PIPELINES 





MORE BARRELS PER DOLLAR... 


THROUGH OIL PIPE LINES 
CLEANED BY WILLIAMSON PIGS 


REPRESENTATIVES 


James S. Kone Co. 


Canadian Equipment Sales & Service Co., Ltd. 
Edmonton, Calgary, Toronto, Canada 


T. DD Wilkamvon, Inc 


TULSA 9, OKLAHOMA 


To obtain more information on products advertised see page E-41 












Type JR Pig 2” to 5” sizes. 
Economical and Rugged. 


Type GP-4 Pig 16” to 
30” sizes, 

Similar design for 
10” to 14” sizes. 
Brushes expanded by 
arched springs. 


Brush and cup service 
life up to 1,000 miles. 





Type RC-50 Pig 8” to 14” 
sizes. 
6” size,similar,type SC-50. 


Jet-rotation feature distrib- 
utes wear of brushes and 
cups. 






Keyes Tank Co. 
Provo, Utah 


Keyes Tank & Supply Co. 
Casper, Wyoming 
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the mill, thus increasing the efficiency of 
mill operation, it is asserted. The testing 
equipment is controlled by one man 
from a central control pulpit. 

To date, units as described above have 
been installed and are in operation at 
the Electric Weld Tube Mills of the 
Republic Steel Corporation at Youngs. 
town, Ohio; the Lorain Ohio Works of 
the National Tube Company; the Fon- 
tana Works of the Kaiser Steel Corpora- 
tion; the National Works of the National 
Tube Company and the Ambridge 
Works-Spang-Chalfant Division of Na- 
tional Supply Company. The testers in- 
stalled at the two latter manufacturing 
plants are capable of testing pipe to 
10,000 psi. 

In addition to the above mentioned in- 
stallations, two machines are at present 
being erected at the Campbell Works of 
the Youngstown Sheet and Tube Com- 
pany in Youngstown, Ohio; two more 
are being built for the new seamless 
tube mill at the South Chicago Works of 
Republic Steel Corporation. These four 
machines are all capable of testing pipes 
to 10,000 psi. 

Furthermore, four pipe testers are 
also being built for the new Electric 
Weld Pipe Mill of the Lone Star Steel 
Corporation in Dallas, Texas. 

Hydropress has been active also in 
the field of pipe expanders, one installa- 
tion of which was built for the Page- 
Hersey Tubes, Ltd., in Canada, and an- 
other one for the Briar Hill Works of 
the Youngstown Sheet and Tube Com- 
pany. 

Pipe testers built in the past to special 
requirements are in operation at the 
Wheeling Steel Corporation, Benwood. 
West Virginia; at Armco International 
Corporation in South America and in 
other countries abroad. 


Sun Marine Department 
To Have New Building 


Work has been begun on the construc- 
tion of a new office and service building 
for Sun Oil Company’s Marine Depart- 
ment. 

In the Marcus Hook Refinery area 
overlooking the Delaware River, the new 
two-story building will be nautical in 
character with an enclosed bridge atop 
a center tower and a deck on the roof. 

One section of the building will pro- 
vide office space for the Marine Depart- 
ment administrative and operating staffs, 
while another section will contain facili- 
ties for the relief crews of Sun Oil tank- 
ships and the shore gangs. 

Approximately 120 ft long and 42 ft 
wide, the building will be constructed of 
buff colored brick. The 35-ft center 
tower will be topped with a 12-ft signal 
mast complete with halyards and a 
blinker light to enable marine officials to 
signal orders to Sun tankers in the Mar- 
cus Hook anchorage. 

Nason and Cullen, Philadelphia, are 
the contractors. Project engineer for 
Sun Oil Company is A. Robb Cochran, 
and Louis F. Buchy, Sr., is representing 
the company as construction engineer. 
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Paul E. Dufendach 


> Franklin K. Rader has been appointed 
supply contract representative, and Paul 
E. Dufendach assistant to the chief en- 
gineer by Texas Gas Transmission Cor- 
poration. 

Rader will assist Vice President B. C. 
Adams, Jr., with gas supply contract 
negotiations and related matters. Before 
joining Texas Gas, he was with the Shell 
Oil Company in Houston, Texas. A 
graduate of Southern Methodist Univer- 
sity and the Harvard Law School, he 
served with the Navy during World War 
II as a fuel officer. 

Dufendach will aid Chief Engineer 
H. L. Stowers with engineering matters 
before the Federal Power Commission, 
and with engineering and economic 
studies on special projects. He is a vet- 
eran of 20 years in the natural gas busi- 
ness. After attending Rose Polytechnic 
Institute and the University of Cincin- 
nati, he was employed by Louisville Gas 
and Electric Company and Kentucky- 
West Virginia Gas Company. He has 
also been a consulting engineer. 


> T. M. Douglas has been elected vice 
president and director of Federal Tele- 
phone and Radio Corporation, Clifton- 
Passaic, New Jersey, associate of the 
International Telephone and Telegraph 
Corporation, it is announced by Henry 
C. Roemer, president of Federal. At the 
same time, it was announced that S. J. 
Powers, manager of Federal’s Selenium- 
Intelin division, was elected a vice 
president. 

Douglas, formerly works manager, 
will now serve as general works man- 
ager, with responsibility for Federal’s 
varied manufacturing activities at the 
Clifton, Passaic, and East Newark 
plants. Prior to his appointment as 
works manager, he was plant manager, 
director of the radio and telephone divi- 
sions, and production manager. He was 
educated at Vanderbilt University. 

Powers, who becomes vice president, 
is director of Federal’s Selenium-Intelin 
Division, and has served in key execu- 
tive positions with IT&T both here and 
abroad since 1934. He was named head 
of that division in 1947. A native of New 
York City, he received his BS in elec- 
trical engineering from the Cooper 
Union School of Science in 1928. 


D-68 


Franklin K. 





Rader H. G. Horstman 


> H. G. Horstman has been appointed 
assistant to the president of Texas Gas 
Transmission Corporation, W. T. Ste- 
venson, president, announces. Horstman 
has been with the company since May, 
1950, as director of sales and customer 
relations. 

Prior to joining Texas Gas he was, 
for five years, personnel director of 
Public Service Company of Indiana. He 
also served in that company’s operations 
department as assistant to the vice presi- 
dent, and between 1933 and 1944, as gas 
and water distribution engineer. 

A graduate of Purdue University, 
with a degree in chemical engineering, 
Horstman entered the utility field as a 
cadet engineer with Northern Indiana 
Gas and Electric Company. 





Donald L. Sedgwick 


W. L. Shomaker 


>» W. Lawrence Shomaker, vice presi- 
dent in charge of sales for Northern 
Natural Gas Company, has had his re- 
sponsibilities broadened to include pub- 
lic relations. He will work with John 
Hanley, vice president in charge of gas 
supply, and President J. F. Merriam on 
major matters of gas supply. 

Donald L. Sedgwick, assistant super- 
intendent in charge of gas sales, has 
been promoted to head the sales depart- 
ment, which has been renamed the 
wholesale marketing department. The 
department was renamed more appro- 
priately to describe its functions. Sedg- 
wick’s title will be director of market- 
ing. . 

Direct main line sales, rural and farm 
tap sales, field employee sales, gas field 
sales of gas other than at the wellhead 
and all other retail sales have been 
transferred to Peoples Natural Gas Di- 
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> George Nolley, Midland, Texas, fo: 


erly field representative there for Ci:ies 
Service Oil Company’s crude oil pur. 
chases and sales department, has heen 
transferred to Bartlesville, Oklahoma. in 
charge of field operations for the dej)«:t- 
ment. Announcement of the change was 
made by C. S. Mitchell of Bartlesy le. 
manager of the company’s crude oil «:ip- 
ply and transportation division. 

Nolley was first employed by Cities 
Service in December, 1940, and served 
as territory supervisor in northeast Ok- 
lahoma for the company’s marke: ing 
division. He was transferred to Fort 
Worth, Texas, four years ago as field 
representative for the crude oil pur- 
chases and sales department. His trans- 
fer to Midland, Texas, came in 1951. 

Alan C. Roberts, who has been in the 
Midland office since July, 1951, will as- 
sume the duties of department repre- 
sentative. An addition to the Midland 
staff will be announced later. 


»C. L. Bernard has been appointed 
manager of the Oklahoma division of 
the Pure Transportation Company, ac- 
cording to an announcement by Ken- 
neth A. Covell, Pure Oil vice president 
for transportation and supply. 

Bernard, who joined The Pure Oil 
Company 27 years ago, is returning to 
Oklahoma after an assignment as super- 
intendent of operations in the Michigan 
division. 

He succeeds R. E. Young, veteran 
transportation official who has been with 
the company for 43 years, and who re- 
tired from the company on July 1. Ber- 
nard has his headquarters in Tulsa. 





Earle Clark Ray Harrison 


vision of Northern. The sales depart- 
ment will now concentrate entirely on 
the town border sale of gas to gas utili- 
ties, as well as town border rates and 
all aspects of the wholesale territorial 
market picture. 

Earle Clark has been promoted to 
public relations director with depatt- 
ment head status. He will work under 
Shomaker and actively supervise the in- 
creasing public relations activities of 
the company. 

Ray Harrison has been elected a 
vice president of Northern Natural Gas 
Company. Harrison has also been named 
president of Peoples Natural Gas Divi- 
sion of Northern. He had served as vice 
president of Peoples Natural Gas Com- 
pany from 1938 until May 31, 1952, 
when Peoples properties and business 
were transferred to Northern and Peo- 
ples was dissolved. 








» J. W. Sharman was named vice presi- 
dent of Associated Pipe Line Contrac- 
tors. Inc., to fill the position left vacant 


by Earl Allen when he became president 
of the company. 

Sharman’s vice presidency of the com- 
pany marks the renewal of a business 
association with Allen which began with 
the organization of Sharman and Allen 
who engaged in pipe line construction 
for four years during the war. Sharman 
later became vice president of Latex 
Construction Company, from which po- 
sition he retired when the company was 
dissolved two years ago. 


»>W. H. Stueve, consulting engineer of 
Oklahoma City, Oklahoma, recently had 
bestowed upon him a professional de- 
gree of mechanical engineering by Ok- 
lahoma A. and M. College. The award 
was given’ for Stueve’s work in promot- 
ing the use of electric power in the 
petroleum industry for many years, and 
was based on the submission of a thesis 
entitled “Use of Centrifugal Compres- 
sors for Natural Gas Transmission”. The 
honor came to him 44 years after being 
graduated from Ohio State University 
as mechanical and electrical engineer 
and 16 years after a similar award from 
Ohio State University. For 30 years 
Stueve was chief power consultant and 
executive assistant for the Oklahoma 
Gas and Electric Company. 


>O. O. McKenzie, Topeka, Service 
Pipe Line Company’s Nebraska division 
manager, has been transferred to Shaw- 
nee as Oklahoma division manager, 
C. M. Scott, general manager, has an- 
nounced. J. E. Polston, Oklahoma divi- 
sion manager for many years, died 
April 3. 

Harry C. Jones, a resident of Shaw- 
nee since 1950, acting Oklahoma. divi- 
sion manager during Polston’s illness 
and since his death, was transferred to 
Topeka and promoted to Nebraska divi- 
sion manager. 

A native of LaPlata, Missouri, Mc- 
Kenzie joined Service Pipe Line in 1926. 
He worked in Oklahoma, Nebraska, and 
Illinois before being named Nebraska 
division manager in 1950, and advanced 
from an operator gager at LaPlata, his 
first job with the company, to chief sta- 
tion engineer to district superintendent. 
_ Jones, who joined Service Pipe Line 
in 1916 and is one of the company’s 
oldest employees in point of service, was 
assistant division manager in charge of 
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the southern Oklahoma districts. He is 
a native of Bluff City, Kansas, starting 
with the company as a timekeeper, la- 
ter advancing to gager, chief gager, 
and district superintendent. Most of his 


service has been in northern Oklahoma. . 


Gus L. Maciula, Tulsa, a senior engi- 
neer, was transferred to Shawnee and 
promoted to assistant division manager 
in charge of southern Oklahoma dis- 
tricts. He is being replaced in Tulsa by 
H. T. Chilton, Jr., Lubbock, Texas, an 
area engineer for the company’s West 
Texas division. 

Since joining the company in 1946, 
Maciula had been in charge of the engi- 
neering department’s mechanical section 
in Tulsa, and later area engineer for the 
West Texas division with headquarters 
at Lubbock. 

Chilton, West Texas division area en- 
gineer since 1950, had been assigned to 
various engineering duties in West Tex- 
as and the company’s general office in 
Tulsa since joining the company in 1947. 


> Charles E. Bennett, president, The 





Pipe Line Personals 





Manufacturers Light and Heat Com- 
pany, and president, American Gas As- 
sociation, and H. Carl Wolf, managing 
director of the national trade associa- 
tion of the gas industry, were among the 
principal speakers at the Internationa! 
Conference for Gas held June 16-19. 
1952, at the Palais des Beaux-Arts, Brus- 
sels, Belgium. They delivered papers 
pertaining to gas industry progress in 
this country. 


>» Charles J. Hedlund of West Orange, 
New Jersey, has been appointed director 
of the program division of the Petroleum 
Administration for Defense, succeeding 
Cecil L. Burrill, who has returned to 
private industry. Hedlund joined the 
staff of Esso Standard Oil Company in 
1940 and was employed in various ca- 
pacities in the company’s refinery at Ba- 
ton Rouge, Louisiana, until 1947. Since 
1947 he had worked in the coordination 
department of the parent company, 
Standard Oil Company (New Jersey) in 
New York City. He has been head of the 
petroleum economics division since 1950. 
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Tennessee Gas Launches Large Construction Program 


The Tennessee Gas Transmission 
Company has launched a 1952 construc- 
tion program to enlarge its existing 
natural gas pipe line system and in- 
crease system capacity to 1,310,000,000 
cu ft a day, it was announced at the 
firm’s headquarters in Houston, Texas, 
by Charles S. Coates, vice president. 

The program includes laying approxi- 
mately 525 miles of pipe line parallel to 
the firm’s existing system in Texas, 
Louisiana, Arkansas, Mississippi, Ten- 
nessee, Kentucky, and Ohio, enlarging 
16 existing compressor stations, and 
building four new stations in Ohio, 
Pennsylvania, and New York. 

Pipe to be laid includes approxi- 
mately 82 miles of 26-in. in Ohio, and 21 
miles in Kentucky; and 422 miles of 
30-in. in Kentucky and the other states. 
The compressor station program will 
add 93,900 hp to the system, giving it a 
total of more than 468,000 hp. The four 
new stations are under construction near 
Carrollton, Ohio, Mercer, Pennsylvania, 
and at West Winfield and Nassau, New 
York. 

New capacity to be added will provide 
additional gas to expanded markets of 
the firm’s customers along its system, 
which begins near the Rio Grande at the 
Texas-Mexico border and stretches more 
than 2000 miles northeast to the New 
York-Massachusetts state line. 

W. C. McGee, Jr., vice president and 
general superintendent of operations, 
said pipe line construction began during 
May and that the compressor program is 
well underway, with enlargements of 
some stations already completed. The 
entire program is scheduled for comple- 
tion before the next heating season, he 
said. 

Details of the construction program 
were given by Joe J. King, vice president 
in charge of engineering, as follows: 


Texas. Pipe lines: Oklahoma Con- 
tracting Company of Dallas laying three 
sections of line, one about 20 miles long 
from near Refugio to the northeast, one 
about 50 miles long from south of East 
Bernard to near Cypress, and the third 
about 47 miles long from near Cleveland 
to near Woodville; Houston Contract- 
ing Company of Houston, laying a sec- 
tion about 39 miles long from near Jas- 
per to the Texas-Louisiana border. 

Compressor stations: Enlargements of 
Station Zero, Agua Dulce, by four 1600- 
hp engines; of Station 1, Victoria, by 
two 2000-hp engines; of Station 2, East 
Bernard and Station 4, Jasper, by one 
1600-hp engine each. 

Louisiana. Pipe lines. Houston Con- 
tracting Company laying about 45 miles 
of pipe from near Chestnut to near Cal- 
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houn, and about 13 miles from near Mer 
Rouge to the Arkansas line. 

Compressor stations: Addition of two 
1600-hp engines each at Station 5, 
Natchitoches and at Station 6, West 
Monroe. 

Arkansas. Pipe lines: Houston Con- 
tracting Company laying about 29 miles 
from the Arkansas-Louisiana line to the 
Mississippi River. 

Mississippi. Pipelines: Anderson 
Brothers of Houston, laying about 35 
miles from near Greenville to near 
Drew, and about 37 miles from near 
Holly Springs to near the Mississippi- 
Tennessee line. 

Compressor stations: Installation of 
two 1320-hp engines at Station 7, Green- 
ville, completed April 1; three 2000-hp 
engines being added at Station 8, Bates- 
ville. 

Tennessee. Pipe lines: Anderson 
Brothers laying about 37 miles of line 
from near Selmer to near Parsons, and 
Western Pipe Line Constructors, of 
Austin, Texas, about 32 miles from near 
White Bluff to near Springfield. 

Compressor stations: Installations of 
two 1320-hp engines completed in May 
at Station 9, Middleton; four 2000-hp 
engines being added at Station 10, 
Lobelville; and three 2,000-hp engines 
at Station 11, Portland. 

Kentucky. Pipe lines: Western Pipe 
Line Constructors laying about 27 miles 
of line from near Greensburg to near 
Lebanon, and about 21 miles from near 
Muses Mills to near Olive Hill. 

Compressor stations: Six 1100-hp en- 
gines being added at Station 12, Camp- 
bellsville, five 1320-hp engines at Station 
13, Winchester, and three 1320-hp en- 
gines at Station 200, Greenup. 

Ohio. Pipe lines: H. C. Price Com- 
pany of Bartlesville, Oklahoma, laying 
about 59 miles of line from near Oak 
Hill to near Glouster, and about 24 miles 
of line from near Uhrichsville to near 
Carrollton. 

Compressor stations: Two 1320-hp en- 
gines being added at Station 204, Al- 
bany, and three 1100-hp engines at Sta- 
tion 209, Cambridge. A new station, 
214 at Carrollton, being constructed by 
Bechtel Corporation. with six 1320-hp 
engines, new compressor building, auxil- 
iary buildings, water reservoir, and an 
additional employee dwelling. 

Pennsylvania. Compressor stations: A 
new station, 219 near Mercer, being 
built by Bechtel Corporation, with six 
1100-hp engines, auxiliary buildings, a 
water reservoir, and eight additional 
employee dwellings. 

New York. Compressor stations: A 
new station, 245, being built at West 
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Winfield, by Bechtel Corporation. five 
1000-hp engines being installed, a com. 
pressor building, auxiliary buildings, 
and eight additional employee «well. 
ings; a new station, 254 near Nassau. 
being built by Graver Construction. with 
six 1000-hp engines, a compressor }uild- 
ing, auxiliary buildings, and eight addi- 
tional employee dwellings. 


Consolidated Gas Hearing 
Includes Mississippi Fuel 


The Federal Power Commission has 
scheduled a consolidated hearing to be- 
gin July 14 in Washington, D. C., on a 
proposal by Mississippi River Fuel Cor- 
poration, St. Louis, Missouri, to increase 
its natural gas transmission system 
capacity, and on applications by St. 
Charles Gas Corporation, of St. Charles. 
Missouri, and Arkansas Louisiana Gas 
Company, of Shreveport, Louisiana. 
both of which are seeking natural gas 
from Mississippi. 

Other issues to be considered at the 
consolidated hearing include Mississip- 
pi’s actual and prospective capacities for 
delivery and sale of natural gas, and the 
need for, if any, change in Mississippi's 
service rules and regulations now in ef- 
fect upon an interim basis, to govern its 
future deliveries and sales of natural 
gas. 

These issues, as well as the applica- 
tions by St. Charles and Arkansas 
Louisiana, previously were included in 
a hearing that began May 12; however. 
upon order by the FPC, hearing on these 
matters was postponed subject to fur- 
ther order of the commission. The hear- 
ing that began May 12 was concluded 
May 15 with respect to several other ap- 
plications by Mississippi and two other 
companies. 

Application by Mississippi, which has 
been consolidated into the July 14 hear- 
ing, requests authority for the construc- 
tion of 17 additional compressor units 
totaling 13,385 hp in 7 existing compres- 
sor stations and one new station. Mis- 
sissippi said that the additional facilities 
would increase its rated daily sales ca- 
pacity to 450,000,000 cu ft of natural gas 
a day. Estimated cost of the project is 
$2,019,754. 

St. Charles Gas Corporation’s applica- 
tion requests the FPC to order Missis- 
sippi to supply it with gas for delivery 
threugh a connecting line that St. 
Charles is seeking authority to construct 
between Mississippi's facilities in Madi- 
son County, Illinois. and the City of St. 
Charles. Arkansas Louisiana Gas Com- 
pany also is seeking a commission order 
directing Mississippi to supply it with 
gas, at a connection with facilities to be 
built by Arkansas Louisiana in the Hum- 
noke, Arkansas, area for service. 








- 
Bs 
tet 
i 
es 
e 
. 
? 
f 


THE PETROLEUM ENGINEER, July, 1952 





NO-OX-ID protects more miles of 


pipe line per pound 


With higher freight rates you gain important money-saving ad- 
vantages when you protect your pipe line with NO-OX-ID. 

Here’s why—NO-OX-ID is applied at 1/32” thickness. Other 
materials require as much as 3/32” thickness for the same pro- 
tection. A 30-barrel kettle of NO-OX-ID coats 8,000 feet of pipe 
line. The same amount of other coating material covers only 
2,500 feet. 

In addition, NO-OX-ID has a low density, approximately one- 
half that of hot applied tar coatings. This means a 5 or 6 to 1 
weight ratio, costly freight charges that can be reduced when 
NO-OX-ID is used. 

Beyond this, NO-OX-ID is the most versatile coating you can 
select. Crewmen prefer working with NO-OX-ID—there are no 
toxic fumes requiring masks or ointments. When planning your 
next pipe line job, use NO-OX-ID, the economical pipe line pro- 
tection against corrosion! 


DEARBORN CHEMICAL COMPANY 
Merchandise Mart Plaza . Chicago 54, Illinois 
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THE ORIGINAL RUST PREVENTIVE 


WRITE FOR THIS 
COMPLETE CATALOG 
ON PIPE LINE PROTECTION 


"Protecting Underground 
Pipe from Corrosion with 
NO-OX-ID and NO-OX-ID- 
ized Wrappers,’’ 
completely describ- 

ing the modern and 
economical Dear- 

born method of pipe 

line protection, will 

be sent on request. 

Mail the coupon. 


Dearborn Chemical Company, Dept. PE 
Merchandise Mart Plaza, Chicago 54, III. 


O Send me a copy of “Protecting Under- 
ground Pipe from Corrosion with NO- 
OX-ID and NO-OX-IDized Wrappers.” 


O Have a Dearborn Sales Engineer call. 
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Pipe Line Projects 


Gas Gathering System 
For Wilcox Trend 


Wilcox Trend Gathering System, Inc., 
a new corporation, of Dallas, Texas, has 
applied to the Federal Power Commis- 
sion for authority to construct pipe line 
facilities for the transportation of nat- 
ural gas in Texas for sale to Texas East- 
ern Transmission Corporation, of 
Shreveport, Louisiana. 

The new company proposes to pur- 
chase natural gas in various fields along 
the so-called Wilcox Trend in Lavaca, 
Jackson, Dewitt, Victoria, Bee, Goliad, 
Karnes, Live Oak, McMullen, and Duval 
counties, Texas, and to transport it 
across these counties to a point of inter- 
connection with Texas Eastern’s system 
in Lavaca County, Texas. 

Proposed new facilities, which would 
be operated at a capacity of approxi- 
mately 100,000,000 cu ft of gas a day, are 
estimated to cost $10,583,156. The pro- 
ject would include about 157 miles of 
main transmission line; a total of ap- 
proximately 60 miles of lateral lines; 
one 2200-hp compressor station, and the 
necessary metering and measuring sta- 
tions and other equipment. 

The application says that Texas East- 
ern and Wilcox have entered into a con- 
tract covering the purchase and sale of 
the gas, and also have entered into an 
interim agreement providing that, sub- 
ject to certain conditions, Texas Eastern 
will acquire either 75 per cent or 8714 
per cent of Wilcox’s outstanding stock 
at a price of $1 per share. 














WILKINSON 
LINE LOCATOR 


Predetermines exact position 
and depths of subsurface pipes 








Real 
Insurance One- 
against Man 
delay One- 
and Hand 
damage 


Wilkinson Products Co. 


Originators of small, light 
all-purpose locators 
3987 Chevy Chase Drive 
Pasadena 3, Calif. 
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Gas to Canadian Border 
Planned by Tennessee 


The Tennessee Gas Transmission 
Company has filed an application with 
the Federal Power Commission in Wash- 
ington for authority to build facilities to 
transport 66,000,000 cu ft of natural gas 
daily for Niagara Gas Transmission, 
Ltd., of Toronto, Canada, from the 
Southwest to the United States-Canadian 
border near Niagara Falls. 

The application was in support of ap- 
plications filed earlier this year in the 
same project by Tennessee Gas and 
Niagara Gas. Cost of facilities for which 
Tennessee Gas sought FPC authority to 
build, in order to gain necessary added 
system capacity to transport the gas, was 
estimated at $44,740,000. 

Niagara Gas would buy the gas from 
preducers in producing fields in the 
Southwest near the Tennessee Gas Sys- 
tem, the applications stated. Tennessee 
Gas would transport it to the interna- 
tional boundary for Niagara Gas for re- 
sale in Toronto and other eastern On- 
tario markets. 

To add the necessary new capacity to 
its existing system, Tennessee Gas asked 
authority to build: 

(1) 107 miles of pipe line in parts of 
Texas, Louisiana, Kentucky, Ohio, and 
Pennsylvania parallel to its system. 

(2) A 45-mile spur line from its main 
line near Buffalo, New York, to the in- 
ternational boundary north of Niagara 
Falls. 

(3) Compressor units with 132,000 ad- 
ditional hp, including six new stations, 
one near Findley Lake, New York, and 
the other five at midpoints between ex- 
isting stations from near Monroe, Louisi- 
ana, to near Portland, Tennessee. 

(4) An aerial suspension bridge 
across the Niagara River north of 


Niagara Falls. 


Date Set For Hearing 
On Gas Proposal 


The Federal Power Commission has 
scheduled a hearing to begin August 11 
in Washington, D. C., on applications by 
Panhandle Eastern Pipe Line Company, 
of Kansas City, Missouri, and Indiana 
Gas and Water Company, Inc., of In- 
dianapolis, Indiana, involving the con- 
struction, operation, and sale of natural 
gas pipe line facilities in the Crawfords- 
ville and Lebanon, Indiana, areas. 

Indiana Gas is proposing to construct 
about 19 miles of 8-in. pipe line parallel- 
ing an existing lateral owned and oper- 
ated by Panhandle between the latter 
company’s main line and Crawfordsville. 
Indiana Gas also would build about 13 
miles of 6-in. line to parallel Panhandle’s 
existing lateral line from its main line 
to Lebanon. Estimated cost of the pro- 
posed construction is $589,000. 

Under an agreement between the two 
companies, the two new lines would be 
operated by Panhandle, with Indiana 
Gas paying annual operation and main- 
tenance charges of $1540 for the Craw- 
fordsville lateral and $750 for the 
Lebanon lateral. 

Panhandle also is seeking authority to 
sell certain facilities to Indiana Gas. 





To obtain more information on products advertised see page E-41 








Panhandle plans to relocate its mes >yr. 
ing and regulating stations for (:ay. 
fordsville and Lebanon, by building new 
stations at points south of the old sta. 
tions. Under an agreement between the 
companies, Panhandle would sel] the 
facilities north of the new stations at a 


total cost of $53,719. 


South Carolina Natural 
Plans 160-Mile Line 


South Carolina Natural Gas Com. 
pany, a new corporation, of Columbia, 
South Carolina, has filed an application 
with the Federal Power Commission for 
authorization to construct a 160-mile 
natural gas transmission system in South 
Carolina to supply natural gas to South 
Carolina Electric and Gas Company, 
also of Columbia, for resale in Colum- 
bia, Charleston, and Summerville, all in 
South Carolina. 

Estimated cost of constructing the 
project is $5,630,000. The system, to be 
in Aiken, Lexington, Richland, Orange- 
burg, Dorchester, Charleston, and Ber- 
keley counties, would have a capacity of 
30,000,000 cu ft of natural gas a day. 

Proposed new system would connect 
with the facilities of Southern Natural 
Gas Company, of Birmingham, Ala- 
bama, at a point near Aiken, South 
Carolina. The main line would extend 
southeast to Charleston, and a branch 
line would run northeast from a point on 
the main line near Salley to Columbia. 


Hearing Being Held On 
Gas Storage Proposal 


A Federal Power Commission hearing 
began June 30 in Washington, D. C., on 
a proposal by Natural Gas Storage Com- 
pany of Illinois, Chicago, Illinois, to de- 
velop an underground storage area for 
natural gas in Kankakee and Iroquois 
counties, Illinois. 

The project, which is estimated to cost 
initially $17,000,000, would be used to 
store natural gas for Natural Gas Pipe- 
line Company of America and Texas 
Illinois Natural Gas Pipeline Com- 
pany, both of Chicago. The three com- 
panies are affiliated. 

The storage company estimates that 
150,000,000 cu ft will be delivered from 
storage on the 1953-54 peak day and as 
much as 1,500,000,000 cu ft of gas a day 
will ultimately be delivered from storage 
during peak periods. The company pro- 
poses initially to drill 25 wells and con- 
struct 16.7 miles of 30-in. pipe line to 
transport gas to storage during summer 
and from storage during winter. The pro- 
posed project also includes a compres- 
sor station with an initial capacity of 
10,000 hp and an ultimate capacity of 
32,000 hp. 

In addition, the project would include 
a dehydration plant, approximately 8.75 
miles of well lines, 25 well meters, one 
main storage meter, and a communica- 
tion system. 

For the presént, the company pro- 
poses to store only gas transported by 
Texas Illinois. Stored gas would be 
made directly available to customers of 
Texas Illinois and to Natural’s cus- 
tomers by displacement. 
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Pipe Line Projects 


North Carolina Company 
Files Application 


Carolina Natural Gas Corporation, of 
Charlotte, North Carolina, has filed an 
application with the Federal Power Com- 
mission requesting authorization to con- 
struct approximately 40 miles of trans- 
mission line to supply natural gas to 
Rock Hill and other markets. 

The company is proposing to build a 
pipe line that would connect with the 
main transmission line of Transcontin- 
ental Gas Pipe Line Corporation, of 
Houston, Texas, at a point near Kings 
Mountain, North Carolina, and extend 
to Rock Hill, South Carolina. The pro- 
ject also would include a series of lateral 
lines extending to York, Clover, and 
Fort Mill, all in South Carolina, and the 
Celanese Corporation of America’s Cel- 
river plant near Rock Hill. 

Carolina Natural estimates the peak 
day demand on the proposed system as 
ranging from 2,220,000 cu ft in the first 
year of operation to 6,141,000 cu ft in the 
fifth year. Estimated cost of the con- 
struction is $3,150,000. 


Chicago District Line 
Authorized by Commission 


Chicago District Pipeline Company, 
of Joliet, Illinois, has been authorized by 
the Federal Power Commission to con- 
struct a 12.4-mile, 30-in. pipe line in 
Cook County, Illinois, to transport 
natural gas for Public Service Company 
of Northern Illinois, of Chicago. 

The pipe line, estimated to cost $1,- 
650,000, will connect with the system of 
Texas Illinois Natural Gas Pipeline 
Company, also of Chicago, at a point 
near Elgin, Illinois, and extend easterly 
to a connection with Public Service’s 
system in Oak Grove Township, Cook 
County. 

Chicago District Pipeline Company 
estimates that between 35,000,000 and 
66,000,000 cu ft of natural gas a day will 
be delivered to Public Service through 
the new line. 

When additional supplies of gas be- 
come available, Chicago District pro- 
poses to extend the line about 13 miles 
eastward to provide additional gas for 
Public Service and for Peoples Gas 
Light and Coke Company, of Chicago, 
the parent of Chicago District Pipeline 
Company. When the line is extended 
and looped, its capacity will be about 
523,000,000 cu ft a day. 


FPC Considers Separately 
Transcontinental Obligation 


The Federal Power Commission will 
consider and decide separately the issue 
of whether Transcontinental Gas Pipe 
Line Corporation, of Houston, Texas, 
should be relieved of any obligation to 
deliver 64,000,000 cu ft of gas a day to 
Northeastern Gas Transmission Com- 
pany in New England as previously 
authorized by the FPC. 

This matter previously had been con- 
solidated with several other proceedings, 


including Transcontinental’s plan for 


the permanent disposition of this 64,- 
000.000 cu ft of gas to other customers. 





.. Your first line of defense against 
Corrosion on Pipe, Pipe Joints, 
Couplings 
and Tanks 









*Reg. U. S. Pat. Off. 


Underground or above 
ground, TAPECOAT with- 
stands severe corrosive 
attack. Over the past 11 
years, this original coal tar 
protection in handy tape 
form has proved its dependability in guarding against moisture, 
acids, alkalis, chemical fumes and other severe conditions. As your 
first line of defense, TAPECOAT assures greater protection, reduces 
maintenance and cuts pipe replacement cost. 


TAPECOAT is quick and easy to apply with the use of a torch to bleed 
the coating and insure a perfect bond. It is sized to the job in widths 
of 2”, 3”, 4”, 6”, 18” and 24”. Wrapping is done spirally with widths 
up to 6”, and “‘cigarette-wrapped”’ in the larger sizes. 


Write for full details and prices. 





| Originators of Coal Tar Tape Protection 
1533 LYONS STREET, EVANSTON, ILLINOIS 
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> Houston Contracting Company, 2707 
Ferndale Place, Houston, Texas, has the 
following construction work under con- 
tract: 

Approximately 126 miles of 30-in. 
natural gas line for Tennessee Gas 
Transmission Company at three different 
locations in Arkansas, Louisiana, and 
East Texas as follows: 

43 miles of 30-in. from the west side 
of the Mississippi River south to the 
vicinity of Gallion, Louisiana. W. H. 
Hayes is superintendent; M. L. Thomp- 
son, assistant superintendent; J. C. 
Strickler, field office manager. Head- 
quarters are at Eudora, Arkansas. Work 
is underway. 

45 miles of 30-in. from the vicinity of 
Eros, Louisiana, south to vicinity of 
Coldwater, Louisiana. F. A. Silar is 
superintendent, and L. F. Redfearn, 
field office manager. Headquarters are at 
Jonesboro, Louisiana. Preliminary work 
began June 16. 

39 miles of 30-in. from a point west of 
the Sabine River south to Jasper com- 
pressor station. E. C. Norris is superin- 
tendent; R. E. Thornton, assistant super- 
intendent; R. J. Axsom, field office 
manager. Headquarters: Jasper, Texas. 
Work underway. 

Approximately 190 miles of 24-in. 
crude oil line for Rancho Pipe Line 
Company from a point west of Austin, 
Texas, to Shell Oil Company’s Deer 
Park Refinery near Pasadena, Texas. 

This work is to be handled by two 
spreads, of which Oklahoma Pipe Line 
Constructors of Dallas, Texas, has put 
in the first spread to handle the 64-mile 
section from the Deer Park Refinery 
west to the Brazos River. This work is 
underway. A second spread will be put 
in by Houston Contracting Company to 
handle the 126-mile section from the 
Brazos River west to the vicinity of Aus- 
tin, Texas. Preliminary work on this 
section is expected to get under way 
about July 15. 

Approximately 20 miles of 18-in. 
natural gas line reconditioning for Texas 
Gas Transmission Corporation in two 
sections, one south of Memphis, Ten- 
nessee, and one near Wilmot, Arkansas. 
J. A. Cantrell is superintendent; J. B. 
Stoddard, field office manager. First 
work on the Memphis section will start 
about July 1. 


Approximately 46 miles of 26-in. 
natural gas line for Texas Gas Trans- 
mission Corporation from Beekman 
compressor station near Bastrop, Louisi- 
ana, north to the Mississippi River. W. 
H. Hayes is superintendent; M. L. 
Thompson, assistant superintendent; J. 
C. Strickler, field office manager. Head- 
quarters are at Eudora, Arkansas. Work 
is to start following completion of 
Hayes’ section for Tennessee Gas if pipe 
and materials are received. 

Approximately 220 miles of 22-in. 
crude oil pipe line for The Texas Pipe 
Line Company from the vicinity of 
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Houma, Louisiana, to Port Arthur, 
Texas. This work is complete (June 10) 
except for two spreads, which are lo- 
cated at follows: 

F. A. Silar’s spread at Franklin, 
Louisiana, has about 12 miles to go and 
expects to complete the job prior to 
July 1. 

J. A. Cantrell’s river crossing spread 
at Orange, Texas, expect to complete 
their work about June 20. 

Approximately 95 miles, consisting of 
30 miles of 12-in., and 65 miles of 10-in., 
8-in., and 6-in., crude oil pipe lines for 
The Texas Pipe Line Company from 
Houma, Louisiana, south to and through 
the Terrebonne Bay vicinity. H. L. 
Leake, superintendent; S. B. Harrison, 
assistant superintendent; H. C. Mac- 
Whinnie, field office manager. Head- 
quarters, Houma, Louisiana. Approxi- 
mately 47 miles completed. 


> Williams-Austin Company, Grant 
Building, Pittsburgh, Pennsylvania, got 
underway in June on the construction of 
52 miles of 16-in. pipe line between 
Utica and Amsterdam, New York, for 
the New York State Natural Gas Cor- 
poration. The field office and warehouse 
is at Canajoharie, telephone 4-2171. H. 
C. Bauer is superintendent and E. E. 
Mayes timekeeper. For the same com- 
pany, 20 miles of 20-in. is being laid 
from Cayuta Gate to Ithaca, with the 
field office at the latter point. The tele- 
phone is 2874. Ed Peters is general 
superintendent and R. H. Condry time- 
keeper. 


> H. L. Gentry Construction Company, 
921 Michigan Avenue, Jackson, Michi- 
gan, is beginning work on approximately 
75 miles of 16-in. pipe line for Buckeye 
Pipe Line Company. The section is from 
Allentown, Pennsylvania, to Linden, 
New Jersey. A field office has been 
established at Emmaus, Pennsylvania. 
Frank Morris is general superintendent, 
A. J. Brown spreadman, and O. W. 
Gartin office manager. 

This contractor also is laying 20 miles 
of 8 and 10-in. pipe between Lisbon and 
Sebring, Ohio, for the Natural Gas 
Company of West Virginia. The field 
office is at Salem, Ohio. Newton Dukes, 
Jr., is spreadman, Don Sawyers office 
manager, and John Simmons master 
mechanic. 

Between Costello and Driftwood, 
Pennsylvania, 20 miles of 12-in. pipe is 
being laid for United Natural Gas Com- 
pany. The field office is at Emporium, 
Pennsylvania. Lavern Curtis is spread- 
man, John Schafer office manager, and 
Chuck Witmer master mechanic. 


For Niagara Mohawk Power Corpora- 


tion, 20 miles of 10-in. through 24-in. 
pipe is being laid in the State of New 
York. The spread, in charge of R. L. 
Cantrell, is working out of Syracuse. 
Bob Groth is office manager and Clar- 
ence Smith master mechanic, 


» Anderson Brothers. Corporation, 6300 
Navigation Boulevard, Houston, ‘!exas. 
has been awarded a contract by Tennes. 
see Gas Transmission Company to lay 
107 miles of 30-in. pipe in three loops in 
the states of Mississippi and Tennessee. 
A field office has been opened at Hen- 
derson, Tennessee, for the 37-mile sec- 
tion between Selmer and Parsons. Ten- 
nessee. Ned Swink is spreadman, Doug 
Swink assistant, and Larry Anderson 
office manager. The Mississippi sections 
will be laid later. These consist of 33 
miles from Greenville to Drew and 37 
miles from Holly Springs to the Missis- 
sippi-Tennessee state line. 

The five spreads working on 217 miles 
of 30-in. for Texas Eastern Transmission 
Corporation between Portsmouth, Ohio, 
and Connellsville, Pennsylvania, are as 
follows: 

Oak Hill, Ohio—Jim Andrews super- 
intendent, “Red” Beaver assistant super- 
intendent, and Kelly Strickland office 
manager. ‘ 

Athens, Ohio—A. B. Haynes superin- 
tendent, Floyd Collins assistant, and J. 
D. Slack office manager: 

Beverly, Ohio—Ray Bendure superin- 
tendent, and E. H. Hamilton office mana- 
ger. 

Caldwell, Ohio — “Rusty” Killings- 
worth superintendent and Russell Mc- 
Dowell office manager. 

Waynesboro, Pennsylvania — Earl 
Saulsman superintendent and F. G. 
Hindman office manager. 

The field office for the spread working 
on the Rancho Pipe Line is at El Dorado, 
Texas. The overall job consists of 267 
miles of 24-in. between McCamey and 
Cedar Valley, Texas. Aldress Kilgore is 
superintendent and K. R. Smith office 
manager. 


> O. R. Burden Construction Corpora- 
tion, 6702 East 21st Street, Tulsa, Okla- 
homa, is completing the 154 miles of 24- 
in. for Sinclair Pipe Line Company be- 
tween Drumright, Oklahoma, and Hum- 
boldt, Kansas. Floyd Lewis, superin- 
tendent, will move his crew to Quincy, 
Illinois, when this job is finished to 
work on another section of the same 
Sinclair system. The latter is 175 miles 
of 22-in. between Salisbury, Missouri, 
and Forest City, Illinois. One spread al- 
ready is at work on this section with 
the field office at Huntsville, Missour. 
Walt Hill is office manager. 

Between Salisbury, Missouri, and 
Wood River, Illinois. 386 miles of 8-in. 
and 45 miles of 12-in. pipe are being 
taken up and reconditioned for Sinclair. 
The office is at Mexico, Missouri. P. D. 
Thibodaux is superintendent and Guy 
Carter office manager. 

On the Platte Pipe Line Company job 
the field office is now at Cameron, Mis- 
souri. This 120-mile section of 20-1. 
is between Salisbury and St. Joseph. 
Missouri. Al Perry is superintendent and 
Bill Clyma office manager. 
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» Oklahoma Pipe Line Constructors, 
6612 Hines Boulevard, Dallas, Texas, 
has the following schedule of pipe line 
work: 

70 miles 30-in. for United Gas Pipe 
Line Company. from Houston to the 
<outh bank of the Trinity River. This job 
started about June 15, with Louis Visen- 
tine the superintendent in charge. Field 
office is in Conroe, Texas. 

116 miles 30-in. pipe for Tennessee 
Gas Transmission Company. This job is 
in three loops along Tennessee’s main 
line from Refugio, Texas, to Cleveland, 
Texas. Job started May 25. Field office, 
Victoria, Texas, General Delivery, phone 
4122. Ed Flanagan, spreadman; Hank 
Scherrer, office manager; P. J. Walden, 
timekeeper; W. E. Lawrence, material 
man; Ernest Cox, right-of-way; E. B. 
Davis, stringing; Chester Lake, ditch; 
Hubert Howell, bending; “Big Jim” 
Hickman, pipe; A. J. Blakeley, weld- 
ers; W. C. “Dub” Martin, dope; New- 
man Myers, lower-in; Frank Post, clean- 
up, and Elmer Prince, master mechanic. 

68 miles 24-in. for Rancho Pipe Line 
Company from Shell Refinery to east 
bank of Brazos River. This is joint ven- 
ture with Houston Contracting Com- 


any. nh’ & 
: Spread No. 1—Field Office, Pasadena, 
Texas, phone GRand 23680. Louis Visen- 
tine, spreadman; Buck McIntyre, assist- 
ant spreadman; R. F. “Dick” Mueller, 
ofice manager; W. G. Cain, Jr., time- 
keeper; Geno Gallina, material man; A. 
C. Lewis, right-of-way; Dunn Brothers, 
stringing sub-contractor; Joe Goodack, 
ditch; J. L. Flood, bending; J. M. 
“Jewel” Bright, pipe; A. B. Knape, 
welders; Howard Kimbrell, dope; Rube 
Dodson, lower-in; Richard Visentine, 
road crossings; J .E. Williams, master 
mechanic. This crew is working on an 
8-mile section and expected to be com- 
pleted about July 1. 

Spread No. 2—Field office, 1100 Old 
Spanish Trial, Houston, Texas. Phone 
MOhawk 0485. Raymond Law, spread- 
man; Hank Turner, office manager; Ed- 
die Rechunek, and Bob Graham, time- 
keepers; H. P. Smith, material man; 
W. E. Foreman, right-of-way; Dunn 
Brothers, stringing; George Jenkins, 
ditch; Howard Cook, pipe; K. E. 
“Bunt” Rodgers, welders; Frenchy De 
Rouen, dope; L. R. Bratton, lower-in; 
Ray Barringer, road crossings; J. D. 
Whitman, clean-up, and W. A. “AI” Tay- 
lor, master mechanic. The crew is work- 
ing on a 60 mile section. Job started 
May 1. 


> Western Construction Company, P. O. 
Box 1135, Hobbs, New Mexico, is lay- 
ing 105 miles of 8-in. pipe between Port 
Isabel and the Rincon field, Texas, for 
Continental Pipe Line Company. The 
field office is at Harlingen with Morris 
Lassley the superintendent. 


> Reece Brothers Construction Com- 
pany, Hugoton, Kansas, has work in 
progress on a 170-mile gathering system 
in the Hugoton area for Northern Nat- 
ural Gas Company. Pipe sizes are 4, 6. 
8, and 12-in. Paul Reece is general 
superintendent, Gale Reece spreadman, 
and C. D. Beighle office manager. 
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> Midwestern Constructors, Inc., 105 
North Boulder, Tulsa, Oklahoma, is en- 
gaged in the following work: 

Aluminum Ore Company, Bauxite, 
Arkansas. Process piping: Fabrication 
45 per cent completed, installation of 
piping 25 per cent completed. Earl S. 
Powell superintendent, Jack Graham 
and Elwood Rolfs area superintendents, 
and Morris Garey office manager. 

The Texas Company, Salem, Illinois. 
Water line, 89,000 ft, from Kaskaskia 
River to Salem field, Marion County, 
Illinois, about 65 per cent completed. 
Mac Hoffman superintendent, K. L. 
Kreamalmyer engineer, and Robert E. 
Klang office manager. 

Natural Gas Pipeline Company of 
America, Chicago, Illinois. Manifold 
alterations at Emerison, Iowa, station, 15 
per cent completed. Walter D. Smith, 
Jr., superintendent and O. L. Westrum 
office manager. Maffifold alterations at 
Truro, Iowa, station, 15 per cent com- 
pleted. Orrin J. Watrous superintendent 
and R. E. Brewer office manager. 

Sinclair Pipe Line Company, Inde- 
pendence, Kansas. Construction of new 
pump station at Quincy, Illinois, about 
15 per cent completed. Ray M. Johnson 
superintendent and W. D. Kaufman of- 
fice manager. Installation of piping at 
Humboldt, Kansas, station. Work just 
beginning. W. E. Taylor superintendent 
and J. A. Stokes office manager. 


> Conyes Construction Corporation, 
2884 San Pablo Avenue, San Pablo, 
California, is engaged in laying approxi- 
mately 320 miles of 10 and 12-in. pipe 
for Ohio Oil Company in Ohio and Tli- 
nois. The central office is at Mansfield, 
Ohio, with Al Poggi general superin- 
tendent and Fred King office manager. 
One of the two spread offices is at Van- 
dalia, Illinois, where Morris Norwood, 
is superintendent and Dick Comstock 
office manager. The other spread has its 
office at Kenton, Ohio, where J. L. 
Walker is superintendent and Ed Ha- 
worth office manager. 


>» H. C. Price Company—Pipeline Divi- 
sion, Box 1111, Bartlesville, Oklahoma, 
has a general contract with Brown and 
Root, Inc., covering construction of an 
indefinite number of miles of 30-in. 
high pressure natural gas pipe line for 
the Texas Eastern Transmission Corpo- 
ration in the vicinity of Wheeling, West 
Virginia. Spreads are situated as fol- 
lows: 

Moundsville, West Virginia, Box 383, 
telephone, 1898: R. K. Shivel, superin- 
tendent; W. R. Crego, office manager; 
Joe Eakin, office clerk; A. B. Allen, 
timechecker; R. I. Genet, material fore- 
man; R. J. Orr, engineer; Tommy Stam- 
mer, chief mechanic; J. D. White, dozers 
foreman; W. H. Oliver, Cleo Robertson, 
and Ray Drewell, ditch; J. H. Latham, 
bending and V. Huff, bending; Delbert 
Shivel, pipe; R. L. Ezell and John 
Stokes, welding; J. B. Northcutt, coat- 
ing; C. W. Sisco, lower-in, and S. L. 
Price, cleanup. 

Woodsfield, Ohio, Box 540, telephone 
6511: C. R. Ice, superintendent; G. A. 
Harvey, office manager; R. J. Immel, 
office clerk; Fred W. Simmons, time- 
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checker; L. R. Clark, material foreman; 
Paul E. Hawkins, engineer; C. E. Birm- 
ingham, chief mechanic; Jesse Cash, 
brush foreman; W. O. Elliott, dozers; 
E. W. Whisenant, ditch; F. Loinette, 
bending; W. T. Dickerson, pipe; L. O. 
Reutzel, welding; N. D. Adams and 
H. Hill, coating; J. C. Rich and B. 
Buchanan, lower-in, and J. E. Hamilton, 
cleanup. 

General contract with Tennessee Gas 
Transmission Company covering con- 
struction of 80 miles of 26-in. high pres- 
sure natural gas pipe line in two loops, 
one covering 23.4 miles near Carrollton, 
Ohio, and the second 59.52 miles near 
Athens, Ohio. Spread as follows: 

Nelsonville, Ohio: G. A. Reutzel, su- 
perintendent; W. E. Yount, office man- 
ager; Ernest Dickson, office clerk; R. D. 
Anderson, material foreman; Kenneth 
George, engineer; J. H. Ingram, chief 
mechanic; K. N. Adkins, road crossing 
foreman; J. A. Hairston, brush; Lloyd 
J. Loncarich, ditch; J. C. Anderson, 
bending; H. C. Morrison, pipe; R. W. 
Orr, welding; S. J. Wood, coating; Athel 
Bell, lower-in; T. E. Walker, clean-up, 
and Whitey Schulyer, warehouseman. 

General contract covering construc- 
tion of approximately 363 miles of 26-in. 
high pressure natural gas loop lines for 
Texas Gas Transmission Corporation 
from east bank of Mississippi River near 
Greenville, Mississippi, to Jefferson- 
town station, Kentucky, a few miles east 
of Louisville. Start of work awaiting 
satisfactory authorization from Federal 
Power Commission. 


NEW, IMPROVED 











BELT SLING 





Patented 
The only Belt Sling specially designed for 
Pipe Liners. Surpasses all other Belts in 
strength and dependability. Easily connected 
by one man by elimination of heavy bolt. 
Sizes 10” through 36”. 





Phone, wire, write for full information 


Vic Knudsen Rigging Co. 


134 Sacramento St., San Francisco 11, Calif. 
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> Williams Brothers Corporation, Na- 
tional Bank of Tulsa Building, Tulsa, 
Oklahoma, has begun work on the 
Creole Petroleum Corporation line from 
Ule station on the east side of Lake 
Maracaibo to Amvay Bay. This job con- 
sists of 160 miles of 26-in. Marvin Jones 
is in charge. 

For the Minneapolis Gas Company, 30 
miles of 26-in. pipe is being installed for 
the City of Minneapolis, Minnesota. W. 
F. Caldwell is superintendent and Sam 
Davis office manager. 

At Gastonia, North Carolina, 14 miles 
of 3, 4, and 6-in. is being laid for the 
Public Service Company of North Caro- 
lina. Buddy Franks is in charge. — 





> R. H. Fulton and Company, P. O. Box 
1526, Lubbock, Texas, is now working 
out of North Platte, Nebraska, on the 
Platte Pipe Line Company job, with A. 
A. Carrigan superintendent and Dave 
Wagner in charge of the office. Overall, 
this contractor is laying 443 miles of 
20-in. on the system, from Casper, Wyo- 
mining, to Holdrege, Nebraska. 

Two spreads are at work for Sinclair 
Pipe Line Company on 180 miles of 
24-in. between Humboldt, Kansas, and 
Salisbury, Missouri. M. L. Boyd is in 
charge of the spread at Iola, Kansas, 
Vance Albers is his assistant. At War- 
rensburg, Missouri, Jerry Nash is super- 
intendent and “Chuck” Siewert office 
manager. 

When FPC gives approval, 100.7 miles 
of 26-in. in four loops will be laid in 
Kansas and Nebraska for Northern 
Natural Gas Company. 


> Fulton and Brodie Construction Com- 
pany, P. O. Box 2064, Amarillo, Texas, 
is laying 142 miles of 20-in. for Platte 
Pipe Line Company between Holdrege 
and Odell, Nebraska. The field office is 
at Fairbury, Nebraska. J. T. Brodie is 
superintendent, Clyde Peters spread- 
man, and Mrs. J. T. Brodie office mana- 
ger. 


>» Sparling Davis Company, Ltd., 7310— 
99th Street, Edmonton, Alberta, Canada, 
has begun work on 183 miles of 10-in. 
for Trans-Northern Pipeline Company, a 
products line. The section is from Hamil- 
ton to Kingston, Ontario. The field of- 
fice is at Brighton, P. O. Box 130. Fol- 
lowing are the key personnel: A. T. 
Beaman, general superintendent; E. E. 
Deaton, spreadman; C. R. Beighle, of- 
fice manager; “Shorty” Erard, ditch; 
Johnny Mathews, pipe; “Pinky” Bolin, 
welding; Bill Doyle, lower-in; “Red” 
Stokes, bending; Tom McLeod, right-of- 
way; Jim Kerr, clean-up, and Fred 
Labrenz, timechecker. Pipe stringing 
was sub-contracted to Canadian Park- 


hill, Ltd. 


> Comstock Midwestern, Ltd., 206 Laird 
Drive N, Leaside, Ontario, Canada, has 
in progress the laying of 472 miles of 
24-in. pipe line from Edmonton, Alberta. 
to Vancouver, British Columbia, for 
Trans-Mountain Oil Pipe Line Com- 
pany: The central project office is at 
3390 Kingsway, Vancouver. C. C. Bled- 
soe is project manager, Charles Rath- 
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geb, Jr., assistant project manager, M. T. 
“Bill” Wilhite general superintendent, 
A. T. Tolbert assistant superintendent, 
and Mike Savelle office manager. 


Two spreads are in the field and a - 


third will be added. At Jasper, Alberta, 
John Work is spreadman, D. E. Ander- 
son office manager, Herb Allen master 
mechanic, and Bob Southerland chief 
inspector. At Red Pass Junction “Mope” 
Work is spreadman and N. O. Boies of- 
fice manager. 

Working out of Woodstock, Ontario, 
120 miles of 6, 8, and 12-in. pipe is being 
laid for the Sarnia Products Pipeline 
Company between London and Toronto, 
Ontario. Denver Franklin is superin- 
tendent, A. M. King office manager, 
C. M. Michael master mechanic, and Jas- 
per Peck chief inspector. 


>} Associated Pipe Line Contractors, 
Inc., 3272 Westheimer, Houston, Texas, 
is getting under way on 200 miles of 3-in. 
through 16-in. for Algonquin Gas Trans- 
mission Corporation in Massachusetts, 
Connecticut, and Rhode Island. A field 
office has been opened at Milford, Massa- 
chusetts. L. H. Gray is superintendent, 
and Jack Bradley office manager. 

For Portland Pipe Line Company, an 
undetermined amount of 6-in. pipe is 
being laid. A field office has been opened 
at Portland, Maine, with Cecil Rogers 
superintendent and Ralph Herwig office 
manager. 


> Williams Brothers Corporation of 
Canada, Ltd., Edmonton, Alberta, Can- 
ada, has contracted, and been at work a 
month, on 176 miles of 10-in. between 
Kingston, Ontario, and Montreal, Que- 
bec, and 46 miles of 6-in. between Far- 
rens Point, Ontario, and Ottawa, On- 
tario, for Trans Northern Pipe Line 
Company. The field office is at Ganano- 
que, Ontario. “Peewee” Petty is super- 
intendent, Claude Lightfoot assistant 
superintendent, Charlie Simms office 
manager, and Dutch Gill master me- 
chanic. 


> Latex Construction Company of Geor- 
gia, Box 56, Northside Branch, Atlanta, 
Georgia, has recently been awarded a 
contract to lay 23.5 miles of 8-in. pipe 
for Interstate Oil Pipe Line Company. 
The installation will be from Cranfield 
station, Adams County, Mississippi, to 
Esperance Point, Concordia Parish, 
Louisiana. The job is scheduled for com- 
pletion July 31. 


> Western Pipe Line Constructors, Inc., 
Lockhart Building, Austin, Texas, has 
contracted to lay 80 miles of 26 and 
30-in. pipe for Tennessee Gas Transmis- 
sion Company in Tennessee and Ken- 
tucky. This will consist of 32 miles from 
White Bluff to Springfield, Tennessee; 
27 miles from Greensburg to Lebanon. 
Kentucky, and 21 miles from Muses 
Mill to Olive Hill, Kentucky. Two field 
offices have been established. At Dick- 
son, Tennessee (telephone 4071) Jack 
Hodges is stiperintendent and A. G. 
Goyne office manager. At Morehead. 
Kentucky (telephone 830) Bennie Wil- 
liams is superintendent and P, O, Rut- 
ledge office manager, 








> Bechtel Corporation, 161 East 42nd 
Street, New York, New York, is le ing 
225 miles of pipe 3-in. through 8-in. and 
16-in. for Northeastern Gas Trans mis. 
sion Company in Connecticut, M>»ssa- 
chusetts, and New Hampshire. The 
project office is at Plainville, Connecti- 
cut. R. L. Bowman is general superin. 
tendent, W. H. Molander senior office 
manager, E. C. Elting office manzzer, 
and Hank Guerin construction engineer, 
Four spreads are located as follows: 

Plainville, Connecticut—Vic Williams 
superintendent, Charlie Lockwood as. 
sistant superintendent, and Chet Binga- 
man office manager. 

Stamford, Connecticut — Joe Work 
superintendent, Ed Kennedy assistant 
superintendent, and Max Scott office 
manager. 

Derry, New Hampshire—D. B. Alex- 
ander superintendent and R. H. Jocelyn 
office manager. 

Bolton, Massachusetts — W. A. 
Roberts superintendent and _ Travis 
Meeks office manager. 

Bechtel was recently awarded a con- 
tract by Tennessee Gas Transmission 
Company to build three new compressor 
stations. The station at Carrollton, Ohio, 
will have six 1320-hp engines, the one at 
Mercer, Pennsylvania, six 1100-hp en- 
gines, and the one at West Winfield, 
New York, five 1000-hp engines. 


> Dunn Bros., 801 Mercantile Securities 
Building, Dallas, Texas, are stringing 
80 miles of 30-in. pipe in Tennessee and 
Kentucky for Tennessee Gas Transmis- 
sion Company. Western Pipe Line Con- 
structors, Inc., is the prime contractor. 

For the Texas Eastern Transmission 
Corporation, an indefinite mileage of 
30-in. is being strung in Ohio and West 
Virginia. H. C. Price Company is the 
prime contractor. 

In Illinois, Indiana, and Ohio, 320 
miles of 10 and 12-in. pipe is being 
strung for Ohio Oil Company. Conyes 
Construction Corporation is the prime 
contractor. 

In Ohio, 60 miles of 26-in. pipe is be- 
ing strung for Tennessee Gas Transmis- 
sion Corporation. 

Work continues for El Paso Natural 
Gas Company in New Mexico and 
Arizona.. 


» Trojan Construction Company, Inc., 
141614 North Robinson, Oklahoma 
City, Oklahoma, is taking up 350 miles 
of 10 and 12-in. pipe in Indiana and 
Ohio for the Ohio Oil Company, a part 
of which will be reconditioned. This is 
a sub-contract from Conyes Construc- 
tion Corporation. Swede Tillotson and 
Maurice Crawford are superintendents, 
Don Wilson, John Miller, and Phil 
Whitaker are in the offices. 


>» Mahoney Contracting Company, 2300 
North Grand Avenue, Lansing, Michi- 
gan, is working on the last section of an 


‘original 90 miles of pipe line between 


Laingsburg and Mt. Clemens, Michigan. 
for the Michigan Gas Storage Company. 
The field office is now at Durand with 
Henry Mogg superintendent. Ralph 
Bucher and Mike Finnerty assistants, 
and Al McConnell office manager. 
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» River Construction Corporation, 6100 
Camp Bowie Boulevard, Fort Worth, 
Texas, is laying an undetermined 
amount of 30-in. pipe for the United Gas 
Pipe Line Company. Four spreads are 
in the field as follows: 

Monroe, Louisiana — Merle Tatom 
superintendent and Earl Nevins office 
manager. 

Natchitoches, Louisiana—H. J. “Red” 
Tatom superintendent and Lee Price of- 
fice manager. 

Jasper, Texas—Jimmy Reid superin- 
tendent and Pat Rogan office manager. 

Livingston, Texas — “Borger Red” 
McMenamy superintendent and Lee 
Green office manager. 

Barney Hall is general superintend- 
ent over all spreads. 


>» Vaughn and Taylor Construction 
Company, Inc., Box 1351, Wichita Falls, 
Texas, is laying a 268-mile gathering 
system for Phillips Petroleum Company 
in the Spraberry area of Midland Coun- 
ty, Texas. Pipe sizes are 2 in. through 
30 in. The field office is at Odessa; tele- 
phone: 7-2091. D. D. Vaughn is general 
superintendent and C. E. Sayles office 
manager. 


» Anderson International Contractors, 
Ltd., Room 30, Miller Building, Edmon- 
ton, Alberta, Canada, is underway on 
100 miles of 16-in. for Interprovincial 
Pipe Line Company between Regina, 
Saskatchewan, and Superior, Wisconsin. 
This is a loop in the central portion of 
Interprovincial’s system. Joe Johnson is 
project manager and Dick Jernigan 
superintendent. The field office is at 
Glenboro, Manitoba. 


> Tulsa - Williams Company, National 
Bank of Tulsa Building, Tulsa, Okla- 
homa, is working three spreads on 143 
miles of 10,24, and 26-in. for the Algon- 
quin Gas Transmission Company in New 
York, New Jersey, and Connecticut. The 
central office is at Danbury, Connecti- 
cut. R. L. Buck is general superintend- 
ent, R. E. Higginbotham office manager, 
and George Littlejohn project engineer. 
The spread at Denville, New Jersey, is 
in charge of O. R. Mitchell with J. E. G. 
Jester handling the office. At Suffern, 
New York, Whitey Martin is superin- 
tendent and Joe Mackie office manager. 
At Waterbury, Connecticut, T. E. Davis 
is superintendent and Walt Smeltz office 
manager. 


>R. B. Potashnick, Cape Girardeau, 
Missouri, has one spread working and 
two more about ready to start on taking 
up 246 miles of 8-in. and laying 276 
miles of 14-in. between Wood River, 
Illinois, and East Chicago, Indiana, for 
Shell Pipe Line Corporation. The active 
spread has its headquarters at Peotone, 
Illinois. “Peanuts” Kinkaid is spread- 
man and V. E. Connor office manager. 


The other spreads were scheduled to 
get underway about July 1. The one at 
Litchfeld, Illinois, will be under the 
supervision of Roy Whitworth, and the 
one at Decatur, Illinois, under Arkie 
Hobson. Treece Boyd is general super- 
intendent over all work.- 


THE PETROLEUM ENGINEER, July, 1952 


>» Anderson Brothers of Venezuela, C. 
A., 6300 Navigation Boulevard, Houston, 
Texas, has begun work on the Gulf of 
Coro crossing in Venezuela for the 
Creole Petroleum Corporation. The 
crossing consists of approximately 80,- 
000 ft of 26-in. pipe. “Red” Goode is in 
charge of the work. The field office is at 
Las Piedras. 


> Rumsey Brothers Pipe Line Con- 
struction Company, 4039 North Boule- 
vard, Wichita, Kansas, has finally re- 
ceived pipe and been able to make a 
start on its 100-mile section of the Platte 
Pipe Line Company. A field office has 
been opened at Marysville, Kansas, with 
Merle Rumsey the superintendent and 
Glenn Stitt office manager. 


Pipe Line Contractors 


> Canadian-Parkhill Pipe Stringing, 
Ltd., Toronto, Canada, will string ap- 
proximately 200 miles 6, 10, and 12-in. 
for Imperial Oil, Ltd., from Sarnia to 
Toronto, Canada. Contractor, Comstock- 
Midwestern, Ltd. Superintendent, Curtis 





’ Williams. 


469 miles of 24-in. for Trans Mountain 
Oil Pipe Line from Acheson, Alberta, 
to Burnaby, British Columbia. Contrac- 
tors: Comstock-Midwestern, Ltd., and 
Canadian Bechtel. Superintendent, Jack 
Williams. 


360 miles of 10-in. for Trans-Northern 
Pipe Line Company from Hamilton, 
Ontario, to Montreal, Quebec, Canada. 
Contractors: Sparling and Davis Com- 
pany, Ltd., and Williams Brothers. 











Earl Allen, President 
P. O. Box 2163 * 








J. W. SHARMAN 


Announcement — 


e Mr. Earl Allen, President of Associated 
Pipe Line Contractors, Inc., takes pleasure 


in announcing the election of 


ASSOCIATED PIPE LINE CONTRACTORS, INC. 


HOUSTON, TEXAS . 


J. W. SHARMAN 


Vice-President 


J. W. Sharman, Vice-President 
Linden 7561 
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Steel grit 
cleaning provides 


ideal bond for 
coated pipe 





Steel grit cleaned surfaces are made up of many tiny facets, 
inclined toward each other at various angles, which help to key 
or bond the coatings to the steel. Other conventional methods 
of cleaning tend to polish the steel and to reduce bond. Sand 
blasting is only 70% to 80% as efficient... wire brushing is 
only 40% to 50% as efficient. 
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COATING AND 
WRAPPING-IN-TRANSIT 


permits stop-off for process- 
ing or storage at St. Louis 
without freight penalty. 
" When you ship through the 
St. Lovis gateway, you enjoy 
“through freight rates” in- 
stead of the higher combi- 
nation rates generally used. 


andard pipeprotection: inc. 
3000 South Brentwood Bivd. 


St. Lovis 17, Missouri 
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Pipe Line Contractors 


> Parkhill Truck Company (Stringing 
Contractor), P. O. Box 1856, Tusa. 
Oklahoma, has the following jobs under. 
way: 

150 miles of 30-in. for Texas Eastern 
Transmission Corporation from Wheel- 
ersburg, Ohio, to Powhatan Point, ©',io. 
and 66 miles from Uniontown, Penney]. 
vania, to Moundsville, West Virginia. 
Contractor: Anderson Bros. Corpora- 
tion. Foremen, Harrold Deatherage, 0. 
C. York, C. A. Little, and Sidney 
Humphries. ; 

280 miles 14-in. line and 320 miles of 
8-in. take-up for Shell Oil Company, 
from Wood River, Illinois, to East Chi- 
cago, Indiana. 

100 miles of 16-in. and 125 miles of 3 
to 8-in. scattered sections in Connecticut, 
Massachusetts, and New Hampshire for 
Northeastern Gas Company. Contractor: 
Bechtel Corporation. R. C. Parker, 
superintendent. 

Approximately 60 miles of 30-in. for 
United Gas Pipe Line Company from 
Sterlington, Louisiana, to Clarence, 
Louisiana. Contractor: River Construc- 
tion. Foreman, Charles Sampson. 


>» J. L. Cox and Son, Raytown, Mic- 
souri, are stringing 280 miles of 20-in. 
pipe between Wood River, Illinois, and 
Kenmoor, Missouri, on the Platte ‘Pipe 
Line Company system. About 40 miles 
remain to be strung (June 16). Work 
has begun on 175 miles of 22-in. be- 
tween Salisbury, Missouri, and Forest 
City, Illinois, on Sinclair Pipe Line Com- 
pany’s new system. Between Shannon- 
dale and Wood River 432 miles of 8 
and 12-in. pipe is being picked up for 
Sinclair. 


> Mannix, Ltd., Calgary, Alberta, Can- 
ada, has begun work on 221 miles of 
24-in. between the Blue River and Coqui- 
halla Pass, British Columbia, on the 
Trans-Mountain Oil Pipe Line Company 
system, the center section. The field of- 
fice is at 412 Victoria Street, Kamloops, 
British Columbia. C. P. Baker is project 
manager, J. C. Williams spread superin- 
tendent, H. Eisler office manager, and 
Harvey Galloway master mechanic. 





> Smith Contracting Corporation, 126 
Continental Life Building, Fort Worth, 
Texas, had about three weeks’ work re- 
maining June 17 on The Texas Pipe Line 
system between Corsicana and Houston, 
Texas, 176 miles of 16-in. The north 
spread, which has been working out of 
Madisonville, has completed its section. 
The south spread has its field office at 
Conroe, where Charley Craig is spread- 
man and M. E. Williams office manager. 


> Harford Brothers Pipe Line Construc- 
tion Company, Emporium, Pennsylva- 
nia, has contracted to lay 70 miles of 
10-in. pipe for the Lake Shore Pipe 
Line Company, from Cochranton, Penn- 
sylvania, to Ashtabula, Ohio, then west 
to Fairport Harbor, Ohio. The field office 
is at Linesville, Pennsylvania. Arthur 
Harford is superintendent in charge of 
construction, Earl Dill is spreadman, 
and “Squeaky” Umbaugh master me- 
chanic. The right-of-way gang under 
Buzz Bradley has been at work since the 
middle of May. 
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NEWS 


Anglo-lIranian Income 
Showed Slight Dip in 1951 


Despite the loss of 116,000,000 bbl of 
crude oil and refined products from Iran 
during 1951, total sales of Anglo-Iranian 
Oil Company, Ltd., for the year declined 
by only 15,000,000 bbl from the 1950 
total of 288,700,000 bbl, according to the 
company’s 43rd annual report. 

Net profit for the year amounted to 
$67,852,540, after United Kingdom taxes 
of $76,444,922.80. This compares with 
profits of $92,687,199.60 after U. K. 
taxes for 1950. 

Greatly increased supplies of crude 
oil from Kuwait, Iraq, and Qatar have 
more than offset the discontinuance of 
crude oil exports from Iran, the report 
said. In 1951 crude from these sources 
increased to 342,000 bbl per day—140,- 
000 bbl per day more than in 1950. 

The shutdown of the Abadan refinery 
in Iran caused total refinery throughput 
to decline approximately 650,000 bbl a 
day in 1950 to 480,000 bbl a day in 1951. 
Up to the shutdown in July, Abadan had 
processed 91,500,000 bbl of crude as 
compared with 180,000,000 bbl in all of 
1950. 

The company is increasing its world- 
wide exploration activities, in Papua, 
Nigeria, in the Gulf of Paria off Trini- 
dad, and in Sicily. Its tanker fleet now 
numbers 155 ships with 21 ships under 
construction or on order. 


First-Aid Guide Available 

A revised edition of the First-Aid 
Training Guide prepared by the Ameri- 
can Petroleum Insitute is now available. 
The Guide was published originally in 
July, 1951, in response to requests from 
the petroleum industry for a training 
course on emergency measures. 








R. S. McFarland 


Melbert Schwarz 


R. A. Stehr 


Seaboard Makes Dallas Base for Area Operations 


Seabord Oil Company (Delaware) 
has reported that Dallas, Texas, has 
been made base for the company’s op- 
erations in the United States and Can- 
ada. Such operations have heretofore 
been conducted from the company’s 
headquarters in New York City. 

R. S. McFarland will be in charge of 
the new setup as executive vice presi- 
dent. He has been vice president and 
manager of Seaboard’s Mid-Continent 
division. 

J. P. Gasser, a vice president, has been 
transferred from Los Angeles, Cali- 
fornia, to Dallas as an executive assist- 
ant to McFarland. He was vice presi- 


dent of Seaboard’s western division, 
where he is being replaced by N. A. 
Rousselot, named as a vice president. 

In other changes in Dallas personnel 
R. A. Stehr was named vice president 
and coordinator of exploration for 
United States and Canada. He has held 
a similar position in the division setup. 

Melbert Schwarz, formerly assistant 
vice president was elevated to vice presi- 
dent and made manager of the Mid-Con- 
tinent division. H. C. McCarver has been 
named chief geophysicist, R. G. Wil- 
liams, purchasing agent, and C. J. Maki, 
manager of gas operations for the en- 
larged organization. 


North Dakota Residents Study Oil Development 


The oil industry is launching one of 
the biggest programs to date to acquaint 
the people of North Dakota with the in- 
tricacies of the industry. 


One of the most outstanding and un- 
usual efforts to give the complete story 
of oil was completed recently when a 
panel of 5 oil men toured 17 cities of the 
state. Details of the tour were taken care 
of by Merle Blakely of the information 








Governor Johnston Murray has announced plans to make a four-week tour of 
South and Central America promoting attendance for the May 14-23, 1953, Inter- 
naticnal Petroleum Exposition. For the duration of this tour, Governor Murray has 
been made an honorary member of the Tulsa Chapter of Nomads. Above, Jay P. 
Walker, an exposition director, Lieutenant Governor James Berry of Oklahoma; Mur- 
ray, and W. G. Skelly, exposition president, examine one of the specially prepared 
engraved invitations, which Murray will present to officials. 
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department, Carter Oil Company. Others 
on the panel were Clarence Nelson, re- 
search economist for Federal Reserve 
Bank, Minneapolis; Charles S. Agey, 
assistant chief geologist, Amerada; R. 
E. Shorey, chief petroleum engineer, 
Shell Oil; Gordon C. Locks, executive 
secretary committee for pipe line com- 
panies, Washington, D. C., and C. F. 
Smith, assistant general superintendent, 
Standard Oil of Indiana. 

The men discussed economics of the 
oil industry of the Dakotas and Mon- 
tana, how oil is found, produced, trans- 
ported, refined, and conservation prac- 
tices, and answered questions. 

To aid in this attempt to bring the 
facts of the industry before residents of 
the nation’s 27th oil producing state, the 
Oil Industry Information Committee has 
set up a special Williston Basin sub- 
committee. Newspapers have received 
special OIIC kits with books, charts, and 
maps explaining the fundamentals of 
the industry. Shell Oil has distributed an 
illustrated series of seven articles to help 
give newspapers the story of oil, and 
Amerada conducted an oil field tour for 
the North Dakota Press Association 
Convention, with a sound truck explain- 
ing what the drilling rigs were doing. 


Houston Office Opened 


Sinclair Oil Corporation has an- 
nounced opening of additional offices 
in Houston, Texas, to aid in its current 
program of increasing crude oil produc- 
tion and reserves in Texas and adjoining 
areas. Harry A. Hassan, vice president 
and director of Sinclair Oil and Gas 
Company, and vice president of Sinclair 
Refining, will be in charge. 
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International Guests of Los Angeles Nomads. Back row: Florent H. Baily, 
Pet. Ind. Con. C. A., from Venezuela; R. L. Jewell, Shell C. P. C., from Venezuela; 
Harmon Rhodes, Burma Oil Company, India; Phil McConnell of Aramco from Saudi 
Arabia; Russell E. Havenstrite, Havenstrite Oil Company; E. A. Tindall, Aramco, Saudi 
Arabia. Middle row: A. M. Thornton, Shell Oil Company, from Colombia; Jorge Maldo- 
nado, Consul of Venezuela; Guillermo Restrepo, Vice Consul of Colombia; B. Santa- 
Coloma, Consul General of Colombia; Arthur Nicholls, Richmond Exploration Company, 
Venezuela. Front row: Al Dysart, Brown Drilling Company from Australia; A. F. Driskill, 


formerly with Iraq Petroleum Company. 


Plans are Underway for 


Permian Basin Oil Show 


A sell-out of inside and outdoor ex- 
hibit space is virtually assured for the 
second Permian Basin Oil Show sched- 
uled in Odessa, Texas, October 19 
through 29. 

Most of the more than 200 companies 
which exhibited in the 1950 show have 
signed up for similar or enlarged booths 
in this exposition. Some 83 companies 
which requested application forms for 
exhibit spaces were expected to take up 
many of the additional booths to be pro- 
vided this year. 

Inquiries concerning exhibit booths 
should be sent to Houston Crump, 113 
West Third, Odessa. He served as mana- 
ger of the 1950 show and has been ap- 
pointed to a “second term.” 


Total Imports Rise 
During Week of June 7 


Total imports for the week ended 
June 7 averaged 932,800 bbl daily, a rise 
of 136,100 from the preceding week’s 


McConnell Speaks to Nomads 


Arabia and Africa shared honors at 
the regular monthly dinner meeting of 
the Los Angeles Chapter of Nomads, 
recently. Phil McConnell, assistant gen- 
eral manager of operations for Aramco, 
spoke on the Middle East and the pres- 
ent drilling and production activities in 
Saudi Arabia after which Russell E. 
Havenstrite, president of Havenstrite 
Oil Company, showed a film taken on 
his recent safari in the eastern part of 
Central Africa. 


U. S. Exports Are Up 
PAD Reports in Summary 


The Petroleum Administration for De- 
fense has issued the following summary 
of U. S. exports of major petroleum 
products. The figures are a compilation 
of the export declarations that were filed 
with the Census Bureau for each of the 
weeks, April 25 to May 16. 


Royal Dutch Oil One-Ninth 
World Output in 1951 


Ot the more than 4.51 billion barrels 
of crude oil produced in 1951, Royal 
Dutch Petroleum Company produced 
more than .55 billion of them, according 
to the company’s annual report. 

The company reported a net revenue 
of $355,695,200 compared to $311,418.. 
800 reported in 1950. Companies of the 
Royal Dutch Shell Group produced 
549,100,000 bbl of oil during the year 
and completed a total of 1573 wells 


Albania Plans Refinery 
With USSR Support 


The Albanian Government has an- 
nounced that construction will begin 
soon with Russian aid on the country’s 
first oil refinery, the Department of the 
Interior has reported in its International 
Petroleum Trade monthly. The refinery 
has been designed to cover the national 
requirements of finished products. Al- 
bania’s output of crude oil, is at present 
exported for refining, mostly to the 


USSR. 
PAD Steel Allotments Made 


Authorizations for purchases of a total 
of 147,194 tons of oil-country tubular 
goods in the third quarter of 1952 have 
been granted oil and gas operators on 
approvals of their applications for sup- 
plemental allotments and allotments of 
conversion pipe, Secretary of the In- 
terior Oscar L. Chapman announced. 

Earlier the Petroleum Administration 
for Defense had announced authoriza- 
tions for third-quarter purchases of 265,- 
476 tons of casing and tubing in ap- 
provals of primary applications. PAD 
also had assigned 22,200 tons of oil- 
country tubular goods for the set-aside 
emergency field stocks used chiefly by 
smaller operators in the drilling of wild- 
cat wells. 

Of the 147,194 tons now allotted as 
supplemental and conversion tonnage, 
80,360 tons will come from regular mill 
production; 66,834 tons, from conver- 
sion production. Conversion pipe is pipe 
made from shapes and forms that a mill 
obtains from other than its regular 
source of supply. 

Currently some 45 to 50 rigs are shut 
down in Western Canada, it was re- 
ported, due to the shortage of casing 
that is getting more acute daily. It will 
be primarily the field development drill- 
ing operations that will suffer with the 
steel shortage, instead of wildcatting. 








Week Motor 
Avgas* Gasoline 


10.6 


Kerosine 


Distillate Residual Total 


5.4 38.4 74.5 164.3 


ee ee 


average, according to the American . 4.8 19.7 67.2 112.4 216.1 
Petroleum Institute. Total imports for 14.8 43.3 73.4 45.0 177.0 
the four weeks ended June 7 totaled * 14.8 42.1 68.8 85.5 235.4 
890,700 bbl per day. 


*Avgas is partly estimated and includes all methods of shipment. 


Oil Firm Name Changed 


Independent Exploration Company 
has changed its name to Intex Oil Com- 
pany. Offices of Intex are in Bakersfield, 
and Santa Paula, California. The com- 
pany announced that no company poli- 
cies have been changed. 








Crude Residual 
Week Ended Oil i 


May 17 381,700 
May 24 656,200 
May 31 441,200 
I I eittiecddeiticleaheaceanag’ 499,000 
Four weeks average. 501,700 


i Others Total 
(Figs. in bbl per day) 
684,100 


271,600 30,800 

453,000 11,500 1,120,700 
271,200 84,000 796,700 
381,400 52,400 932,800 
344,300 44,700 890,700 
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Final inspection of power 
piston before lubrizing. 
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DEAN BROTHERS PUMPS /NC. 
Type R2R Centrifugal Process Pumps 





Type R2R Process Pump 



































DISASSEMBLY: The Type R2R process 
pumps can be disassembled without discon- 
necting the suction and discharge piping. 
By first removing the spacer from the spacer 
type coupling, and unbolting the casing 
from the cradle the entire cradle and com- 
plete rotating element can be removed with- 
out disturbing the suction and 

piping. 





Close Coupled Centrifugal Pump 


 - 2 


Pedestal Mounted Centrifugal Pump 


Se 


Double Pedestal — Centrifugal 




















ESTABLISHED (869 


DEAN BROTHERS PUMPS /NC.E; 


/NDIANAPOL/S /ND. 
I27 W TENTH Sr. 


Branch Offices: NEW YORK, N. Y., HOUSTON, TEXAS 
Representatives in Principal Cities 


Type R2R Process Pump 


OPERATING RANGE: Type R2R, Heavy 
duty, process pumps are available in eight- 
een different sizes, enabling our engineers 
to furnish units specially designed and con- 
structed for the particular work to be per- 
formed. 

Capacities: 50 to 2000 Gallons per minute. 
Heads: Up to 400’. Speeds: 900 RPM to 
4000 RPM. 


BUILDERS OF OUTSTANDING PUMPS 
SINCE 1869 


CENTRIFUGAL and RECIPROCATING PUMPS 





Horizontal, Single Style, Double 

Acting, Piston Type, Close Clear- 

ance Pump. Designed te handle 
volatile liquids 





Horizontal, Duplex, Double Acting, 
Side Pot, Fae Type, Oil Bath 
Power Pump 





Durable Duplex Packed Piston Pat- 
tern Steam Pump, Side Pot Type 





News 
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Oil Industry Progress Seen 
Throughout Entire World 


Oil companies in the Far East are 
making definite progress despite tre. 
mendous operating difficulties, says John 
B. O’Connor, executive vice president 
of Dresser Industries, who has just re. 
turned from a 9-week, 28,000-mile rownd- 
the-world tour. 

“In Burma, Malaya, and Indonesia, 
however, it looks as if it might be quite 





Mr. and Mrs. J. B. O'Connor home again. 


some time before operations can be car- 
ried on with any real degree of safety,” 
O’Connor reported. 

The round-the-globe tour took O’Con- 
nor, his wife, and the Charles Rowans 
(of Rowan Drilling Company in Fort 
Worth, Texas) to Hawaii, Japan, the 
Philippines, Hong Kong, Singapore, 
Siam, Java, Kashmir, Pakistan, Israel, 
Germany, and France. 

O’Connor noted a tremendous in- 
crease in the consumption of petroleum 
products in Asia and the drive to sub- 
stitute petroleum for other fuel. 

The old saying, “Oil for the lamps of 
China” is now being changed to “fuel 
for the stoves and vehicles of Asia,” he 
mused. 

In Hong Kong, natives used to shuffle 
along with their little bundles of wood, 
their fish or vegetables; now a bottle of 
kerosine replaces the wood in most in- 
stances. Part of this transformation is 
the result of the oil companies’ promo- 
tion showing that three cents worth of 
kerosine does the work of 12 cents worth 
of wood. 

“Recovery was particularly apparent 
in Germany and Japan,” O’Connor said. 
“People in these countries are working 
hard and show a real degree of pro- 
gress.” 

Jerusalem is a pipeliner’s dream. The 
entire country is covered with water pipe 
lines of all sizes and shapes... despite 
the fact that most of the lines had to be 
laid in trenches blasted out of solid rock, 
he reported. 

O’Connor expressed a feeling of grave 
concern for the general unrest noted in 
his travels... but was impressed with 
the petroleum industry’s dogged and 
constant progress even in the remote 
regions of the world. 
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Hallanan to Speak at Annual D&D Club Meeting 


Walter S. Hallanan, chairman of the 
Nationa] Petroleum Council and presi- 


dent of Plymouth Oil Company will be For Oil Well Mud 
the featured speaker at the first annual P 
meeting of the Association of Desk and and Water Treating 
Derrick Clubs of North America, to be 
held in Houston’s Shamrock Hotel, 

September 12-13. Mrs. Lee Wilson FRONTIER SALT 
Hoover, New Orleans, president of the 
Association, reported that Hallanan had * FROM the Permian Basin 
accepted the invitation to speak at the 
main banquet on Saturday, September 
13. Topic of his talk will be announced 





FOR the Permian Basin 





later. From high-purity West 
‘urs. Hoover added that an outstand- Texas salt beds near Brownfield, proc- 
ing program is being whipped into essed by vacuum pan evaporation, Fron- 
Walter S. Hallanan shape for this first meeting of petroleum , it j ‘ : 
women. Group discussions, luncheons, tier Salt is outstanding in quality for 
and speakers from various segments of the industry are in- use in oil well mud. Stocked by oil 
cluded in the two-day program and present indications are that well mud warehouses in: 
approximately 800 oil women from all parts of the United 
States and Canada will attend the Houston convention. Odessa Brownfield Seagraves 
The convention theme will center around the educational Snyder Jal Kermit 
nature of Desk and Derrick activities and discussion groups Hobbs Seminole McCamey 
will explore ways and means of bringing the informative pro- Deiiver City Crane Monahans 


grams to wider audiences of petroleum women. . 
The Desk and Derrick began with one club in New Orleans in And Other Points 
1949, and there are now 37 clubs in the U. S. and Canada. HIGH PURITY * TOP QUALITY 


“ i FINELY GRANULATED ¢* QUICK DISSOLVING 
Texas Cuts Production Fourth Time 


The Texas Railroad Commission has ordered its fourth cut- 
back in that state’s oil allowables this month. During July, F RON TI E R SA LT CO 1 
Texas will produce 2,707,276 bbl a day, down 164,017 bbl daily SALES OFFICE PLANT 
from June’s allowables. The new figure is 487,806 below Midland Tower Bldg., Midland, Texas Brownfield, Texas 


March’s quota, record for year. The cutback came despite warn- 
ings from Humble Oil and Refining Company and the Texas 
Independent Producers and Royalty Owners Association. 


NELSON ELECTRIC MANUFACTURING COMPANY 


@ Specializing in Electrical Equipment for the Oil Industry 


























OS Se 


and 


MANUFACTURERS 
of 





EXPLOSION-PROOF MOTOR STARTERS, 
AIR CIRCUIT BREAKERS, CONTROL STATIONS, 
JUNCTION BOXES and LIGHTING PANELS. 
MOTOR CONTROL CENTERS... INSTRUMENT PANELS and CUBICLES 
SWITCHBOARDS .. ... SWITCHGEAR ... UNIT SUBSTATIONS 






@ “NEMCO” Size 1 & Size 2 Ex- 
plosion-Proof Combination Motor 
Starters with control stations in 
covers. Mounted above starters is a 
“NEMCO” Explosion-Proof Low 
Voltage Bus Box. Equipment was 
furnished for natural gasoline plant 
of a major oil company. 


Naae). ClecluiTAn MANUFACTURING CO. 





217 North Detroit TULSA, OKLAHOMA Telephone 2-5131 





THE PETROLEUM ENGINEER, July, 1952 


To obtain more information on products advertised see page E-41 E-7 











News 


Petroleum Industry Awards Scholarships to TU, OU 


The petroleum industry has awarded 
a total of $83,820 in research-grant com- 
mitments and 1952-53 fellowships and 
scholarships at the University of Texas. 

Five concerns — Atlantic Refining, 
Gulf Oil, Humble Oil and Refining, 
Shell Oil, and Texas Company—are sup- 
porting a $51,660 study of the Ellen- 
berger formation. Investigations will 
cover three years. 

American Association of Oilwell Drill- 
ing Contractors has sent the University 
extension division $5060 for its petro- 
leum-industry program, and Humble has 
sent $5000 as a final installment on a 
$25,000 grant to support the Plant Re- 
search Institute’s grass research project. 

Lane-Wells Company of California 
has established two fellowships and 
California Company one in petroleum 
engineering. 

Renewing petroleum engineering 
grants are Stanolind Oil and Gas, Shell, 
Socony-Vacuum, Standard of Texas. 

Phillips Petroleum has sent a grant- 


in-aid sum to the chemical engineering 
department for a fellowship, student 
assistance, and equipment to study 
aspects of pressure-volume-temperature 
relationships of hydrocarbons. 

The following have renewed chemical 
engineering fellowships: Ethyl Corpora- 
tion, Gulf, Humble, and Texaco. Stand- 
ard Oil of California has established a 
new fellowship. 

In the chemistry department, three 
companies have renewed fellowships: 
Pan American Refining, Humble, and 
Magnolia. 

At the University of Oklahoma 
Socony-Vacuum Oil and Socony-Vacuum 
Exploration at Calgary have set up a 
scholarship for a student from Canada 
in the field of petroleum engineering. 

In the absence of a suitable candi- 
date in the field of petroleum engineer- 
ing, the award may be given in other 
fields of petroleum production, such as: 
General, geological, chemical, mechani- 
cal and natural gas. 





API Party. A portion of the more than 650 oil men who attended the third annual 
API barbecue May 24 at Bakersfield, California, Country Club. 


ees 
x * 


They barbecued 650 |b of choice beef: Rod Manning, Axelson 
Manufacturing; Vic Guidera, Tide Water Associated; 
George Truran, Tide Water Associated; Howard Donley, 
Axelson, chairman; and ‘‘Red"’ Carroll, General Petroleum. 
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Wilson Speaks On Safety 


Safety and public relations go hand 
in hand in the progress and develup- 
ment of the petroleum industry, Frauk. 
lin G. Wilson, of the American Peiro- 
leum Institute, told the Western Sa(ety 
Conference in Long Beach, California. 
June 16. Wilson, head of the Instituie’s 
Safety and Fire Protection Services. ad- 
dressed the petroleum section on the 
first day of the three-day meeting. 

Wilson added that it is good public 
relations to teach customers the facis of 
life about the correct or safe usage of 
petroleum products. Wilson said the aim 
of the petroleum safety experts should 
be to make the public think of the in- 
dustry as “the keenest, safety-minded 
industry in the world.” 


Brazil Reports 1951 
Oil Supply Adequate 


Brazil’s supply of petroleum products 
was adequate in 1951, but diesel fuel 
and lubricants were in short supply in 
Sao Paulo, the Department of Interior’s 
International Petroleum Trade, monthly 
publication, has reported. The inaugura- 
tion in mid-October of the 10-in. clean 
products pipe line from Santos to Sao 
Paulo has greatly expedited deliveries. 

Retail prices were increased during 
the year to compensate for increased 
ocean freight charges. 

In Bahia drilling by the National 
Petroleum Council was generally suc- 
cessful, though limited in amount. The 
national reserve limits were moved 
northward to the San Francisco River 
to include the new discoveries as well as 
additional potentially productive areas. 
The deep test at Limoeiro was unsuc- 
cessful. 

At the end of 1951 the Brazilian 
tanker fleet consisted of 14 vessels. 
Twelve more are under construction in 
the shipyards of European countries. 

The government-owned Mataripe re- 
finery operated through the year on 
Baria crude at approximately its de- 
signed capacity of 2500 bbl per day. It 
is planned to double this capacity. 


At the API barbecue are Joe Shea, Richfield, who suggested 
the annual barbecue three years ago; Earl Armbruster, 
Shell, acting chairman; Les Bible, golf chairman; 

Tom Fitzgerald, consultant, golf committee. 
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PERSONALS 


> W. K. Warren has been elected chair- 
man and chief executive officer of War- 
ren Petroleum Corporation. Other offi- 
cers are: J. A. La Fortune, vice chair- 
man. James E. Allison, president, and 
Dp. L. Connelly, a vice president and 
director. 

Warren has been president of the 
company since he founded it in 1929. La 
Fortune became a vice president in 1929 
and executive vice president in 1943. He 
joined the company as secretary in 1924. 
Allison has been a vice president, gen- 
eral counsel, and director since 1946. 
Connelly joined Warren in 1944 as 
manager of its oil operations in Texas. 
He has been president and a director of 
Warren Oil Corporation, a wholly owned 
subsidiary, since 1948. 


> Dr. Charles G. Dodd has been named 
research associate in charge of petro- 
leum recovery research work for Con- 
tinental Oil Company. According to 
Reynolds, the appointment of Dr. Dodd 
will enable Conoco to put greater em- 
phasis on petroleum recovery research. 

Dr. Dodd was formerly with the U. S. 

Bureau of Mines petroleum experiment 
station at Bartlesville. Previously, he 
saw service with Freeport Sulphur Com- 
pany and was an assistant professor of 
ceramics at Pennsylvania State College. 
He is a graduate of University of Michi- 
gan. 
. Roscoe C. Clark, Jr., has been ap- 
pointed research group leader in charge 
of well completion research work for 
Continental. According to Reynolds, the 
appointment of Clark will enable Con- 
oco to put greater emphasis on well com- 
pletion methods research. 

Clark, a native of Kansas City, Mis- 
souri, was associated with Stanolind Oil 
and Gas Company the past five years. 
Previously, he was with Dowell, Inc., 
and the Pioneer Drilling Company. 


R. L. Ardrey 


>Rushton Leigh Ardrey, Oscar C. 
Bruce, and James Millard Cumby have 
been advanced to the rank of senior vice 
president, Republic National Bank, Dal- 
las. Texas, recently. ' 

Ardrey was graduated with a BA de- 
gree from Yale University. He joined 
Republic National Bank as vice presi- 
dent in 1942. He is head of the petro- 
leum department for Republic and is 
recognized throughout the country as an 
authority on oil financing. 
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W. M. Flowers 


> W. M. Flowers has been promoted to 
the presidency of Sinclair Research 
Laboratories, Inc. Educated at the Uni- 
versity of Illinois, Flowers joined the 
Sinclair Refining Company in the crack- 
ing division of its research and develop- 
ment department in 1928. Since 1930 his 
activities have primarily concerned 
petroleum economics. In 1950, he left 
his post as director of Sinclair’s eco- 
nomic analysis division to accept a pro- 
motion in Sinclair’s New York office. He 
was named executive vice president for 
the Sinclair Research Laboratories, Inc., 
in May of last year. 

E. J. Martin has been promoted to 
vice president and general manager of 
Sinclair’s Harvey research center, Sin- 
clair Research Laboratories, Inc. Mar- 
tin joined the Sinclair staff in 1929 after 
completion of his chemical engineering 
training at the University of Michigan. 
After about four years in Sinclair’s 
cracking work in its development depart- 
ment, Martin was assigned to Sinclair’s 
lube research division, where he rose to 
assistant director before being promoted 
to his recent administrative post. 


> Bruce K. Brown, who has retired as 
Deputy Administrator of the Petroleum 
Administration for Defense, has been 
named to the National Petroleum Coun- 
cil for the remainder of 1952. Brown 
previously had served on the NPC be- 
fore becoming PAD’s Deputy Adminis- 
trator in November 1950. He now has re- 
turned to his position as president of the 
Pan Am Southern Corporation in New 
Orleans, Louisiana. 


» Reynolds Girdler is the new director 
of public relations and advertising for 
the Sinclair Companies. Widely known 
in the field of public relations and ad- 
vertising, Girdler began his career with 
Doremus and Company. He was later an 
editor of Time Magazine and a financial 
columnist for Nation’s Business. 


> C. F. MeGoughran has been elected 
secretary of Sinclair Oil Corporation, 
succeeding O. M. Gerstung, who has re- 
tired. In addition to his duties as secre- 
tary, McGoughran will assume the 
duties of the newly-created position of 
director of personnel of the Sinclair Oil 
Corporation and its subsidiaries. All 
other officers were re-elected. McGough- 
ran joined Sinclair shortly after gradua- 
tion from Dartmouth College in 1920, at 
the company’s East Chicago refinery. 


E. J. Martin 


Fred H. Moore 


> Fred H. Moore, assistant to the presi- 
dent, has been named manager of Mag- 
nolia Petroleum Company’s crude oil 
purchases and sales department. He suc- 
ceeds the late W. Geddes Noble in that 
position, D. R. Wall, Jr., has been 
named assistant manager of Magnolia’s 
crude oil purchases and sales depart- 
ment. 

Moore joined Magnolia as a field geol- 
ogist in Oklahoma in 1935. A year later 
he was moved to Midland where he 
served four years as a geologist in West 
Texas. In 1949 Moore was moved to 
Magnolia’s general offices in Dallas as 
staff geologist. In March, 1950, he was 
assigned to staff duties in the company’s 
executive offices and last June was ap- 
pointed assistant to the president. 

Wall began working with Magnolia 
as an office boy in the company’s genera! 
offices in Dallas in 1941 after his gradu- 
ation from Southern Methodist Univer- 
sity. The next year he was advanced to 
clerk and transferred to Magnolia Pipe 
Line Company and in April, 1944, be- 
came assistant district gager in the Mid- 
land area of West Texas. 


> Paul G. Blazer, chairman of the board 
of Ashland Oil and Refining Company, 
was the recipient of an honorary Doctor 
of Laws degree at the University of Ken- 
tucky’s 85th annual commencement in 
Lexington, Kentucky. This is the second 
honor conferred on Blazer by the Uni- 
versity. He received the Sullivan Medal- 
lion as outstanding Kentucky citizen 
in 1948. 

Blazer, who also holds an honorary 
Doctor of Laws degree presented to him 
by Centre College in 1950, has spent 
most of his business life in Kentucky as 
lead of Ashland Oil and Refining Com- 
pany. The citation recognizes his long 
service to his community, country, and 
industry. 


> Harold W. Haight, executive vice 
president and director of the Creole 
Petroleum Corporation, was awarded a 
Distinguished Achievement Medal by 
the Colorado School of Mines at the 
commencement exercises held recently. 
Haight graduated from the Colorado 
School of Mines in 1927 with a degree 
in geological engineering. Haight has 
been associated with Standard Oil Jer- 
sey and its affiliated companies since 
1927, when he joined the Cia. Trans- 
continental de Petroleo, S. A., a Mexi- 
can afhliate of the Jersey company. 
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Personals 








Earl Armbruster, Shell Oil, acting chair- 
man of API barbecue, receives congratu- 
lations from Frank Goldman, Petroleum 
Supply Company, Inc., on the successful 
barbecue. Goldman is founder of Bakers- 
field Country Club, site of barbecue. 


> David Graham and John E. Swear- 
ingen have been elected directors of 
Standard Oil Company (Indiana) at a 
special meeting of stockholders. Graham 
is financial vice president of Standard 
and Swearingen is general manager of 
production for the company. Swearingen 
at the age of 33 is the youngest execu- 
tive ever elected to the board. 

Graham joined Standard as financial 
vice president January 1, 1952, coming 
from a similar position with Weyer- 
haeuser Timber Company at Tacoma, 
Washington. He is a _ graduate of 
Queens University, Belfast, and Massa- 
chusetts Institute of Technology. 

Earl W. Russell has been elected an 
additional assistant secretary of Stand- 
ard Indiana. He has been administra- 
tive assistant in the office of A. W. 
Peake, president. Russell joined Stand- 
ard in 1928 in Indianapolis, Indiana. In 
1938 he was transferred to Chicago. He 
was promoted to administrative assistant 
in the president’s office in 1946. 
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API Bowling Tournament. Winners in the API bowling 
tournament in Bakersfield, California, were: Ellis Hamilton, West- 
ern Gulf, with high series of 645; ‘‘Whitey’’ Udlock, Richard S. 
Rheem, operator, with high game of 229; and C. A. “‘Chet’’ Davis, 


> Walter G. Beach, supervisor of publi- 
cations for Humble Oil and Refining 
Company, has been elected president of 
the International Congress of Industrial 
Editors. 

Beach is a member of the Houston 
chapter of the Society of Associated In- 
dustrial Editors. He has served as presi- 
dent of S.A.I.E. and twice as South- 
western area vice president for I.C.LE. 

He received his degree in journalism 
from St. Edward’s University in Austin 
and did graduate work at the University 
of Texas. Beach joined Humble in 1935 
and has been supervisor of publications 
for the past six years. He manages the 
production of five company publications, 
including The Humble Way, which has 
received several awards from S.A.I.E. 


and I.C.L.E. 


> Melvin S. Hattwick has been appointed 
to the newly created position of director 
of advertising for Continental Oil Com- 
pany, with headquarters in Houston, 
Texas. Hattwick, who for the past 14 
years has been affiliated with a Chicago 
advertising agency, Needham, Louis and 
Brorby, Inc., is widely known as the 
author of two advertising and sales text- 
books, “How to Use Psychology for Bet- 
ter Advertising,” and “Tested Iders for 
Better Advertising.” He attended rx¢er- 
graduate school at Ohio Wesleyar Uni- 
versity, and later was awarded his mas- 
ter’s degree and a doctorate in p:ycho- 
logical studies at the State University 
of Iowa. 


> Clarendon E. Streeter, Bradford, 
Pennsylvania, oil producer, has been re- 
elected president for a fourth one-year 
term, of the Pennsylvania Grade Crude 
Oil Association. 

Managing partner in Bradley and 
Streeter and Streeter Oil Company, he is 
an officer and director of Bradley Pro- 
ducing Corporation, Empire Gas and 
Fuel Company, Ltd., and Sterling In- 
jection Molding, Inc. He is also a direc- 
tor of Texas Gulf Producing Company. 


Richfield, chairman of the tournament. At right are golf tourna- 
ment winners: Cliff Dunseth, left, receives congratulations from 
Charley Whitney, center, as Les Bible looks on following the third 
annual API golf tournament at Bakersfield Country Club. 





C. G. Johnson of Oil City, treasurer of 
Quaker State Oil Refining Corporation, 
was elected an assistant treasurer, suc- 
ceeding W. R. Reitz of Oil City, presi- 
dent of the Quaker State Company. 

L. G. Lent, member of the oil produc- 
ing firm of Andrus, Lent, and Daggett 
and president of the Bradford District 
Producers Association, and M. E. 
Mitchell of Wellsville, New York, presi- 
dent of the New York State Oil Pro- 
ducers Association, have been elected to 
the board of directors. 


> Leigh S. McCaslin, Jr., has been 
named advertising and sales promotion 
manager of Deep Rock Oil Corporation. 
The new department manager joined 
Deep Rock in July of 1951 as advertis- 
ing assistant. Prior to that time he was 
associated with an oil industry trade 
paper for four years as district editor. 
McCaslin is a graduate of Oklahoma A 
and M College. 


» Floyd G. Eggleston has been appointed 
division purchasing agent of the Gulf 
Coast producing division of The Pure 
Oil Company. Eggleston, who has been 
with Pure Oil for 21 years, has been in 
materials and purchasing posts for the 
company in Houston; Mt. Pleasant, 
Michigan, and Chicago. Eggleston suc- 
ceeds Sam H. Harper who recently re- 
signed his position. He has been in 
Houston for 18 years, and will continue 
to make headquarters there. 


>» John Edward Brantly of Dallas, Texas, 
has been named Assistant Deputy Ad- 
ministrator of the Petroleum Adminis- 
tration for Defense in charge of foreign 
operations, replacing C. Stribling Snod- 
grass. Brantly has retired from his post 
as president of the Drilling and Explora- 
tion Company, Inc., with headquarters 
in Abilene, Texas. Snodgrass, who has 
been with PAD since February 1951, 
has not announced his future plans. 

Brantly has done geological work in 
many states and foreign fields. 
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FS. PUSH or PULL S— 
Hl LIFT or LOWER & 
G& PRESS or SQUEEZE ® 
4&\ TILT o TURN TY 
[kd OPEN o CLOSE FAX 





Ledeen cylinders used for air, oil, 
water, gas or steam operation with 
medium, heavy or super-duty models, 
provide a large number of variations 
and adaptations to meet your specific 
power or motion requirements, They 
are available in many diameters and 
stroke lengths with suitable head and 
rod attachments to provide almost 
any desired mounting. 

Standard Ledeen cylinders and mount- 
ings from distributors’ stocks in major 
cities, Special cylinders if required. 
All J.1.C. 





% WRITE FOR BULLETIN 500 





VALVES @ CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS ¢ AIR HOISTS 


Ledeen Mfg. Cr: 


1608 San Pedro 
Los Angeles 15, Calif 
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N. A. C. Smith 


PN. A. C. (Nick) Smith, one of the 
oldest technologists in point of service 
in the U. S. Bureau of Mines, passed 
away at Bartlesville, Oklahoma, May 
19. Nick joined the Bureau in 1918 as 
an assistant petroleum chemist, was 
made assistant superintendent of the 
Bartlesville Station (Petroleum) of the 
Bureau in 1925 and promoted to super- 
intendent in 1926, holding that position 
until 1945. He voluntarily relinquished 
the superintendency to devote his entire 
time to writing on petroleum and petro- 
leum chemistry. 

Smith was an internationally recog- 
nized authority on the interpretation of 
crude oil analyses, devoted a large part 
of his work to this field. He is author or 
co-author of a number of publications, 
including a bulletin, describing the 
Bureau’s method for crude analyses and 
discussing the method and results there- 
from. He was a charter member of the 
Petroleum Division of the American 
Chemical Society for Testing Materials. 


> B. R. Schabarum, former president of 
the Carl B. King Drilling Company, 
died of a heart attack June 11 in Estes 
Park, Colorado. He was former director 
of the American Association of Oilwell 
Drilling Contractors, chairman of the 
Southwestern District of Production of 
American Petroleum Institute, and tech- 
nical advisor of Drilling Research, Inc. 
He resigned his position as assistant to 
the president of National Supply Com- 
pany in 1944 to become an engineering 
executive of the Carl B. King Drilling. 
He was named general manager in 1949 
and became president early this year. 


> George Lee Lindsay, director of tests 
and research, Unjversal Atlas Cement 
Company, a subsidiary of U. S. Steel, 
died April 24, following surgery. Lind- 
say was born in Michigan City, North 
Dakota. He received his early education 
at schools in Kansas City, Kansas, and 
Nuluth, Minnesota, and was graduated 
in 1921 from the University of Minne- 
sota with a B.S. degree in chemical en- 
gineering. 


> Fred McManis, 74, manager of the 
W-K-M Company of Houston, died on 
April 25 in Houston, Texas. He was one 
of the original founders of the W-K-M 
Company in 1919 and has ever since 
been active in the management of the 
company. 








DEATHS 


> Arthur M. Long, assistant genera] 
manager of sales for The Youngstown 
Sheet and Tube Company, died «ud. 
denly at his home, Evanston, Illinois, of 
a heart attack, May 24. In 1926, Long 
joined The Youngstown Sheet and Tube 
Company as manager of tin plate sales 
with headquarters in Chicago. 


~~ 


> Jessel S. Whyte, president and general 
manager of the Macwhyte Company, 
Kenosha, Wisconsin, died at his home 
May 28. A graduate of Cornell Univer. 
sity, Whyte joined Macwhyte Company 
in 1905 in the winding department. Later 
he studied in England, served an ap. 
prenticeship in Scotland, and returned 
to Macwhyte Company in 1914. He be. 
came a vice president and general mana- 
ger in 1929 and president and general 
manager in 1937. 


> William Walton Ford, district sales 
manager for The Youngston Sheet and 
Tube Company at Atlanta, Georgia, for 
the last 24 years, died June 11, in an 
Atlanta hospital. He was with The Steel 
and Tube Company of America when it 
was purchased by The Youngstown 
Sheet and Tube in 1923, and continued 
with Youngstown as a salesman in the 
Atlanta territory and was appointed dis- 
trict sales manager there in 1928. 











KNOW THIS MAN? 


Average build, good habits, 
healthy, 35 to 45 years, qualified 
to manage sales activities of man- 
ufacturer of production equip- 
ment operating fifteen salesmen. 
Compensation $10,000. Our 
client wants letter, giving educa- 
tion, personal and business his- 
tory. Will arrange interview. 


WATTS, PAYNE-ADV., Inc. 
900 South Main TULSA, OKLAHOMA 





MECHANICAL ENGINEER: For 
technical administrative position in 
responsible charge of research design 
and development section in rapidly 
growing progressive organization. 
Opportunities to apply one’s own 
initiative and originate personal ideas 
almost unlimited. Five to fifteen years 
of versatile experience in broad de- 
sign fields required. Salary commen- 
surate with qualifications. Location, 
Southwest. Write C. D. Pengelley, 
P. O. Box 2296, San Antonio, Texas. 


CORROSION ENGINEER graduate. 
51, years experience Cathodic protec- 
tion bare and coated pipe plus coat- 
ing inspection. Desires change in- 
volving minimum of traveling. Write 
Box 139, c/o THE PETROLEUM 
ENGINEER, P. O. Box 1589, Dal- 























las 1, Texas. 
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> Frank B. Taylor has been named editorial manager for In- 
dependent Petroleum Association of America and will be in 
charge of the magazine editing, advertising, and information 
services, recently consolidated into one department. 

Before joining IPAA Taylor was a vice president with 
Brooks-Wilson Advertising Agency, Tulsa. He formerly was 
district editor for Oil Weekly, now World Oil. Taylor will con- 
tinue as editor of the IPAA magazine, the Independent Petro- 
leum Monthly. 

Tom J. Tripp, Jr., will continue as associate editor of the 
magazine in the Tulsa office, while John S. Sparks, Jr., be- 
comes associate editor in Washington, D. C. 

Robert E. Korte continues as advertising manager, and 
Lloyd N. Unsell, although moving to the position of associate 
editor, will continue to direct IPAA Information Service. 


> H. W. Manley, Sunray Oil Corporation vice president, will be 
in charge of the company’s new manufacturing, pipe line, and 
sales department designed to combine the activities of the 
formerly separate refining and gas-gasoline departments. De- 
partment heads will be key executives who formerly served in 
the separate departments. 

A technical service section will be set up under the direction 
of L. G. Rodgers, who formerly was general superintendent of 
the company’s development and plant operations section. 

R. L. (Bob) Riggs will be assistant to Rodgers and manager 
of the refining section of this technical service. 

R. L. (Dick) Johnson, manager of the company’s refinery 
organization at Sunray (Duncan), Oklahoma, has also been 
named general manager of Sunray’s refineries in Oklahoma, in- 
cluding both the Duncan and Allen plants. He will maintain 
his office in Duncan. R. C. Underwood is superintendent of the 
Duncan plant and T. L. Tiernan, manager, Allen refinery. 

R. W. (Bob) Griffith, formerly assistant general superintend- 
ent of development and plant operations, will become manager 
of gas-gasoline plants, succeeding Rodgers in these duties. 

J. R. (Dick) Ellis, formerly manager of the company’s pipe 
line facilities in Oklahoma, has been named manager of Sun- 
ray’s pipe lines and terminals. _ 














FRONTIER 


chemicals 


FOR THE PERMIAN OIL INDUSTRY 


Frontier Chemical Company produces 
Caustic Soda and Muriatic Acid at Denver 
City, Texas. Overnight tank truck delivery 
of acid and liquid caustic is made to all 
points within a 350-mile radius. 

Flake caustic soda is stocked by 

drilling mud distributors in: 


Seminole Big Spring Crane 

Snyder McCamey Eunice 

Odessa Seagraves Jal 

Midland And at other points 


CAUSTIC SODA * flake * solid * liquid 
MURIATIC ACID 


Produced from the Permian Basin 
FOR use in the Permian Basin 


FRONTIER CHEMICAL CO. 


SALES OFFICE: PLANT: 
Midland Tower Bldg., Midland, Texas Denver City, Texas 
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Electroforged into rigid, one-piece panels: 


BLAW-KNOX GRATING 


Twisted cross bar prevents slipping. 


7 SAFER FOOTING 


FOR INDUSTRIAL APPLICATIONS 
REQUIRING POSITIVE CONTROL 
OF PRESSURE, TEMPERATURE, 
i LIQUID LEVEL ETC. i 


% SIMPLE TO ADJUST FORTHE ¥% 
y SPECIFIED OPERATING RANGE % 


MERCOID CONTROLS ARE EQUIPPED 
VITH MERCURY SWITCHES, THEREBY 
INSURING GREATER SAFETY, BETTER 
PERFORMANCE AND LONGER CONTROL LIFE 


Complete catalog sent upon request 


THE MERCOID CORPORATION 





oo GIVES 


BETTER 2 GREATER STRENGTH 


3 LONGER LIFE 


SERVICE 
ON 4 LOWER MAINTENANCE 
s COUNTS 9 5 wore open space 


Bring your open steel flooring problems to Blaw-Knox 
for expert help. Bulletin 2365 sent on request. 


BLAW-KNOX DIVISION of Blaw-Knox Company 
21° + Farmers Bank Bidg., Pittsburgh 22, Pa. 


Etec OXON 
BLAW-KNOX sree cratine 








4201 BELMONT AVE. CHICAGO 4], ILL 
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mow means... cool or condense the FIN-FAN way 


AIR . . . not water . . . does the cooling 
or condensing in a Fin-Fan Heat Ex- 
changer. 

That means freedom from all water 
system complications, expenses, and 
troubles. 

But that’s only one of the many Fin- 
Fan benefits. With Fin-Fan, you get the 
superior heat transfer of the exclusive 
K-Fin helical cooling elements that 
have eleven times the external surface 


of the same length of bare tubes, you 
get a unit that can be built to with- 
stand pressures up to 5000 psi and 
temperatures up to 1500F, and you can 
handle several different duties in a 
single installation. 

This “package type” unit may be placed 


in any convenient location, operates in- 


dependently of wind velocity and di- 
rection, and is simple and economical 
to operate and maintain. 


Fin-Fan, developed jointly 
by Griscom - Russell and 
Fluor Corporation, Ltd., is 
widely used for practically 
every condensing and cool- 
ing service, Investigate 
Fin-Fan possibilities for 
your plant. Write for full 
information without obli- 


gation. 


THE GRISCOM-RUSSELL CO., MASSILLON, OHIO 


To obtain more information on products advertised see page E-41 
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Charts for Dished Head Areas 


TYLER G. HICKS 


















ly material cost estimates, pressure 
vessel design, and determination of 
weights of tanks, the area of a dished 
head is often required. Standard ta- 
bles of tank dimensions do not con- 





} 

| tain this information. As a result the RH 

: area must be computed. The curves 

shown simplify these calculations. — - a Nis 

| Example 1: Find the area of a 27-in. 9 ‘ies sili 
diam dished head when the knuckle zie os WHICH Rp= DH 
radius is 143 in. and the dish radius i & 
” ' RN 1.9375 5 
27 in. The ratio, ¥=-hp = 7 3 


=0.0714. Since dish radius equals 
head diameter, enter curve “A” at r= 
0.0714 and project across horizon- 
tally until the dashed curve is inter- 
sected. From this point vertically to 
the 2.25-ft dish radius curve and run 
across horizontally and read 4.8 sq ft. 

Example 2: Find the area of a 
24-in. dished head which has a 22-in. 
dish radius and a 1%4-in. knuckle ra- 
dius. The ratio. r = +> 0.068 and 
Ry — Ry — 12—1.50 
Rp—Rxy ~~ 22—1.50 


=0.51. Since Rp #~Ry,. curve B 
must be used. Enter at sin 6 = 0.51 
and project horizontally across to a 
dashed curve, r = 0.068, lying be- 
tween r = 0.06 and r= 0.08. From 
this point drop vertically to the dish 
radius of 1.83 ft and then run across 
to the area, 3.7 sq ft. 

When the dish radius is greater 
than the values covered by these , 
charts, head area can be found from Ky 
Ay =K (Rp)? and Ay = K, (Rp)*. 
The constants K and K, appear at the Curve A, top, for heads in which Rp = Dx. 
bottom of the charts A and B, respec- 
tively. Curve B, bottom for any head. 


Derivation of Chart 
Chart A is based on the relation 


Ay = KRp? = 22 r ¥ (1—r) sin 6—# (1—r) sin 6+-r cos 6 l 


J 
\ 








CURVE *‘B” 
FOR ANY HEAD 


sin 6 = 





SIN ® 
DISH AREA, SQ FT 





1.0 











Both relations can be derived using 
+ (1—cos »| Rp: calculus. What the charts do is to re- 
duce the long geometric expressions 


. ; , to simple constants which are easy to 
Chart B is based on the relation apply. 


PA ae at . ' Constants K and K, were obtained 
Au = K,Rp* = 2a] r + (1—r) sin 6—@ (1—r) sin 6-+r cos 0 \ using API-ASME dished head stand- 


ards. Two curves were used to sim- 
+ (1—cos 0| R,: _ plify the calculations for each type of 
head. 
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BEAIRD Ingersoli-Rand 





8 SVG in Texas Panhandle 


PACKAGED COMPRESSOR PLANT 


6 JVG in North Lovisiana 





165 horsepower 

6 JVG with two-stage 
compression and 
inter-stage gas cooling. 
Other sizes available 
from 110 to 550 
horsepower. 


FOR BOOSTING FIELD GAS 


Maintain full gas production when well head 
pressures drop, with a Beaird Ingersoll-Rand packaged compressor plant. 

Low cost per horsepower, installed, makes this packaged compressor the most 
economical means of boosting your field gas to gathering line pressures. 


LOW COST INSTALLATION — complete pack- 


aging and full assembly in the factory save on 
installation costs. 


24-HOUR OPERATION — heavy duty, 4-cycle Write for your 
engine built for continuous day-in, day-out service, copy of the new booklet 
year after year. 


on Beaird-Ingersoll- 


NO ATTENDANT NECESSARY — automatic Rand packaged 


controls stand watch over operation; only routine compressor plants. 
maintenance required. 


USES EXISTING GATHERING LINES — may 
be installed near wells in present gathering system. 





THE J. B. BEAIRD COMPANY, INC. SHREVEPORT, LOUISIANA BEAIRD 


SHREVEPQRT 


LOWEST COST PER 'HWOoRSEPOWER, INSTALIE 
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Comparison of Analytical Data on Vanadium Determination by the Emission Spectrographic, 





Colorimetric, and Potentiometric Methods 





























Weight per cent vanadium 
Emission ; 
Sample Spectrographic Colorimetric Potentiometric 

designation ented method method Average 
EN, bid 0 Spicy Bric wheh Badd eS 0.008 0.006* 0.008 0.007 
ee ee 0.021 0.025* 0.026 0.024 
ee Se eee 0.027 0.025 0.029 0.027 
ON St enh gece epee Ma ees . 3,7 ee 0.028 0.028 
EE Sk0ce seen ewene cons 0.032 Ca 0 0—Clii Ra 0.028 
at inihenke eee ous 0.033 0.025* 0.030 0.029 
6 ciinerimetcedebennd 0.033 - - | wiee- 0.029 
Seer eee Sree 0.033 ) 7 0.029 
Rg Dies. co where vewshaon sae 0.031 ca ——(‘(<‘—<~x ff ere 0.029 
ARERR seer ee reemrre 0.032 | pl Se ee 0.030 
irkts 4 aie wenadtinw ahs 0.032 a —=—h3h—(i it 0.035 
Rs eek aein neweceawn 0.039 0.038 0.041 0.039 
| SES Pe re 0.048* 0.051 0.054 0.051 
ER Perec 0.110 0.109 0.113 ape 








* Single determination. 


— From “A Comparative Study of Three Methods for the Determination of Vanadium in Silica-Alumina Cracking Catalyst,” 


by M. D. Grimes, J. E. Puckett, D. M. Goard, H. M. Smith, B. J. Heinrich; API, 17th Mid-Year Meeting, May 12-15, 1952. 





P 354.1 
Ultimate Composition of Kerogen in a 78-Gal-per-Ton Colorado Oil Shale and Its Concentrates* 















































Yield Oxygen 
of con- Organic (by 
Ash, | Kerogen, | centrate, | Carbon, | Hydrogen,| Nitrogen, | sulfur, |difference),) C:H 
Sample description per cent| percent! | percent | percent | percent | percent | percent? | percent | ratio 
eer 358 .7 41.3 100 433 .20 44.41 4] .12 49.58 1.98 7.53 
Benzene-extracted and 
leached shale......... 43.3 56.7 75 43.91 5.77 1.44 19 4.79 7.61 
Float, 1.40 gravity 
WINNT 6 5.55 Soca ne. 50s 27.0 73.0 39 56.46 7.44 1.86 .85 6.39 7.59 
Sink, 1.40 gravity 
MIMI 6. 555.5. 8:555.0530 59.4 40.6 30.17 4.01 .98 .58 4.86 7.52 
Float, 1.20 gravity 
I 14.3 85.7 6 66.59 8.84 2.19 1.08 7.00 7.53 
Sink, 1.20 gravity 
eR ae 28.4 71.6 54.57 7.19 1.82 1.01 7.01 7.59 
Float, 1.15 gravity 
a 8.7 91.3 1 71.22 9.36 2.33 1.10 7.29 7.61 
Ecpieiser oppose Gurceily 15.0 85.0 65.86 8.66 2.14 .98 7.46 7.61 












1 Calculated as 100 minus per cent ash. 

2 Total sulfur minus sulfur soluble in HNOs. 
3 Includes mineral CO, + natural bitumen (1.7) to be comparable with other ash figures. 
4 Corrected for natural bitumen. 









Raw shale 


Assay Data on a 78-Gal.-per-Ton Colorado Oil Shale and Its Kerogen Concentrates 





Sample description 


Ash, 
per cent 





Kerogen, 
per cent! 


Oil yield, 
weight 
per cent 





Water yield, 
weight 
per cent 


Oil:kerogen 
ratio 


Water :kerogen 
ratio 























SER ee Ca eee 258.7 41.3 328.1 1.3 0.68 0.031 
Benzene-extracted and leached shale 43.3 56.7 37.8 2.0 .67 .035 
Float, 1.40 gravity medium..... . 27.0 73.0 49.1 2.7 .67 .037 
Sink, 1.40 gravity medium...... 59.4 40.6 25.2 1.4 .62 .034 
Float, 1.20 gravity medium...... 14.3 85.7 58.1 3.0 .68 .035 
Sink, 1.20 gravity medium...... 28.4 71.6 47.5 2.5 .66 .035 











1 Calculated as 100 minus per cent ash 
2 Includes mineral CO, (9.0) + natura 


3 Corrected for natural bitumen. 


I bitumen (1.7) to be comparable with other ash figures. 


* From “Method of Concentrating Kerogen in Colorado Oil Shale, Ete.”, by A. B. Hubbard, H. N. Smith, H. H: Heady, W. E. 
Robinson; Bur. of Mines R. I. 4872. 
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SOUTH TEXAS pumps with... 
economical, 
purchased | ah, 


1 eB CERISE 





Many South Texas stripper wells are being efficiently, 
profitably pumped by *PEP. The hydraulic pump shown 
above on location near Benavides, Texas, is situated in a 
field that is powered entirely by Electric Power. Automatic 
control... higher safety factor... maximum portability .. . 
low initial capital investment ... and small operating, main- “ 
tenance and labor costs are big advantages. Why don't a 
YOU take advantage of these features? Contact the Power 
Engineer of your nearest Electric Power Company for 
details. Let *PEP go to work for you! 





XXX (7% 


\ 
x 
V 


*PEP—Purchased Electric Power 


’, 





Petroleum Electric Power Association 





ORGANIZED IN THE INTEREST OF GREATER SERVICE TO THE PETROLEUM INDUSTRY 


CALL YOUR NEAREST ELECTRIC SERVICE COMPANY FOR MORE FACTS ij 
| 
OR ADDRESS YOUR REQUEST TO P. O. BOX 2771, DALLAS, TEXAS E) 


To obtain more information on products advertised see page E-41 THE PETROLEUM ENGINEER, July, 1952 
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Basic Nitrogen Content of Several Crude Oils 
















Total N, 
(Dumas) 


Per cent, w 






Total basic 
(HCI10,) 





N, 


Strong basic 
(HCl) 





Per cent, w 





Per cent of 


total N 







N 





Per cent, w 











ES SS ee 
ee 
California crude C (heavy)................... 
ee a ee 
Middle East crude....... C0 EO a 












0.34 
0.35 
0.64 
0.12 
0.10 





0.104 
0.141 
0.137 
0.027 
0.031 





31 
41 
21 
23 
31 








less than 0.01 
less than 0.01 
less than 0.01 





hy 





Basic Nitrogen Content of Distillates and Residues from California Petroleum 


















| 
} 








Sample 


Total N 
(Dumas) 


Per cent w 


Total basic N 


¢(HC10,) 


(HCl) 





Per cent w 


Per cent of 


total N 


Strong basic N 









Per cent w 








Straight run long residue..................... 





0.69 


0.21 


30 


less than 0. 


01 











ree 
(Lower boiling 50% of long residue) 





0.34 


0.095 
0.097 


28 


less than 0. 


01 
































ne re ee eae 
(Higher boiling 50% of long residue) 





0.36 


30 


less than 0. 


ECT TTT TTT 0.44 0.14 32 less than 0.01 
(Lower boiling 70% of long residue) 0.14 

Straignt run distillate. ... 0.0... occ eee 0.12 0.052 45 less than 0.01 
(Hydrogenated) 0.056 


01 











SS a ee re iF 








0.20 


0.042 
0.041 


21 


less than 0 


.O1 








Dbne thermal Tesiaue... . . 66. oc kc ccee Sader 


1.27 


0.48 


38 











NS er re 





0.94 


0.21 
0.18 


21 








er re 











0.30 
0.31 





25 














Basic Nitrogen Content of Typical Shale Oils and Shale Oil Fractions 









Boiling 






Total basic N (HC10,) 





per cent w 


Per cent of 





total N 








Cee we Ce oe ee ee 8 6 0 eo Oe 6 oe eo 6 86 8 


‘. 





20 52 
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to provide the fractions described below. 








! This sample of Bureau of Mines NTU (Nevada-Texas-Utah) shale oil from Rifle, Colorado, was distilled at reduced pressure 
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This big new Oklahoma refinery has 
used a new kind of aluminum jacket- 
ing throughout on both insulated lines 
and towers and vessels. Light in 
weight and low in cost, this new 
Childers Aluminum Jacketing cut in- 
stallation costs. It is also expected to 
cut maintenance costs. 














Childers Aluminum Jacketing is used 
here on a cross-country transfer line 
at a large chemical manufacturing 
plant in Texas. This is a rugged test 
for any jacketing, but the light-weight 
aluminum used in this jacketing should 
stand up to weather and chemical cor- 
rosion it encounters. 


How 5 plants cut costs of 


jacketing insulated lines 





Weather, wind and corrosive gases are 
not going to attack the insulation of this 
new plains-country gasoline plant. The in- 
sulation is protected by long-lasting alumi- 
num: Childers Aluminum Weatherproof 
Jacketing. The management expects this 
low-cost jacketing to hold insulation main- 
tenance costs to a minimum. Other ad- 
vantages are that the jacketing went on 


Advertisement 














quick and easy during construction; it re- 
quired no special tools or skill—no shop 
it can be taken off 
.and re-used if lines are moved. Aluminum 
saves on painting and the tough 3S alloy 
used for Childers Jacketing should stand 
corrosive 
industrial atmospheres. Check the advan- 
tages of this jacketing for your own plant. 


forming or- cutting. 


up for years even in highly 


“Good Housekeeping” is the word in this ga 
pipeline pump station. The insulated lines an 
handsomely protected by Childers Aluminun 
Jacketing, which should last as long as the plan 
itself. The jacketing requires no painting ani 
very little other maintenance. It even allows th 
interior of the plant to be washed with a hos 
without harm to the insulation. The chief eng. 
neer reports: “‘We have standardized on Childe 
Jacketing for all our insulated lines. It is doin 
an excellent job for us and saving us money’ 


Weather-resistant, low-cost, 
easy to put on—these are bi 
reasons for the growing pop. 
larity of a new jacketing, 
specially engineered for insv- 
lated lines. It is made of .006’ 
thick aluminum and comes with 
or without a moisture barrier. 
It is called Childers Aluminum 
Weatherproof Jacketing. You 
can write for a free sample 
without obligation. 


Address Childers Manufac- 
turing Co., Dept. EN-4, 3620 
W. 11th St., Houston 8, Texas. 


Under CMP regulations, Childers is a Class 
B product, the use of which is not restricted. 


Amazingly easy to handle, Childers 
Jacketing was applied here by mem 
using no more than a wooden wedg 
and a pair of pliers. Childers he 
engineering representatives in evé 
major industrial center who will b¢ 
glad to confer with you on your pa" 
ticular jacketing problems. Write ' 
address shown above. 
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Determination of Oxygen in Miscellaneous Substances by the Titrimetric CO. Method* 
Oxygen, per cent 
Sample Deviation 
Sample weight, from 
number Substance mg. Estimated Found Average average 
Cetane-octyl alcohol mixture No. 1................ 7 
a | 
2 
.0 
.0 
Cetane-octyl alcohol mixture No. 2................ < 
6 
9 0. 
3  |Cetane-octyl alcohol mixture No. 3................ 152.0 0.060! 0.054 —0.010 
200.4 0.062 —0 .002 
203 .6 0.069 +0.007 
206 .6 0.070 0.064 +0.006 
4 |Cetane-octyl alcohol mixture No. 4................ 151.6 0.107! 0.092 —0.018 
152.7 0.115 +0.005 
152.8 0.136 +0.026 
1oney.' 153.1 0. 116 +0 .006 
207 .8 0.093 0.110 —0.017 
58 TS ied alcohol azeotrope............. 44.8 13.55! 13.64 +0.01 
(b.p. = 76.3 C) 47.9 13.65 +0.02 
— 48.4 13.61 13.63 —0.02 
re big 
' & 6° |n-pantane-isopropyl alcohol azeotrope.............. 62.6 1.62! 1.68 +0.01 
bet (bp. =35.5 C) 77.7 164 ~0.03 
“ton 86.5 1.69 . 1.67 +0.02 
006” 78 {Fischer-Tropsch reflux oil...............000e0ee0e: 95.4 4.422 5.14 +0.06 
s with (boiling range = 60 to 250 C) 99.9 5.05 —0.03 
. * 110.2 5.06 5.08 —0.02 
arrier. 
ninum 8  |Fischer-Tropsch heavy oil (wax) No. 146...... Guu 104.5 1.062 0.90 +0.02 
. You (boiling range =300 to +450 C)................05. 116.2 0.85 0.88 —0.03 
sample 9 Fischer-Tropsch heavy oil (wax) No. 149........... 100.9 1.302 1.11 —0.02 
f (boiling range =300 to +450 C)................4.. 106.9 1.15 1.13 +0.02 
nutat- 
3620 10° |Coal-hydrogenation vapor-phase gasoline........... 80.6 0.442 0.40 +0.02 
T (200 C endpoint) 88.0 0.36 —0.02 
Cxas. 96.6 0.38 0.38 0.00 
s a Class 
restricted. 118 |Coal-hydrogenation light oil (Kentucky coal)....... 102.7 3.442 4.20 +0.10 
(boiling range =0 to 250 C) 106.6 4.00 4.10 —0.10 
128 |Coal-hydrogenation light oil (Wyoming coal).... 101.2 3.46? 3.66 +0.03 
(boiling range =0 to 250 C) 106.8 3.60 3.63 —0.03 
13 |Coal-hydrogenation heavy oil (Kentucky coal).... .. ae 2 sexs 1.91 —0.03 
68.1 1.97 1.94 +0.03 
14 |Coal-hydrogenation heavy oil (Wyoming coal)... ... Pe 8 asses 1.38 —0.07 
83.5 1.51 1.45 +0.06 
15  |High-temperature coal carbonization tar. . 64.4 1.722 1.79 +0.03 
(boiling range = 230 C and up) 69.8 1.72 1.76 ‘| —0.04 
ie = isc txideveseseadeintes tnonw away ae. Boxset 0.90 —0.06 
58.6 0.95 —0.01 
63.7 1.00 +0.04 
66.7 0.96 0.00 
68.7 0.98 0.96 +0.02 
PS Te err eT ee cS. 2 ieee 0.60 0.00 
78.7 0.57 —0.03 
¥ 81.8 0.61 +0.01 
chitder 98.4 0.63 0.60 +0.03 
by me Based on genipatle wrption ft minions, 
n wedge * Value obtained from ultimate analysis, by difference. 
ha : femole Ca — handled in sealed ampoules 
ders Apparatus and eaten ts for the Direct, Semimicro Determination of Oxygen in Organic Substance” by R. D. Hinkel and Raphael aiid Bureau of Mines; 
in - API 17th bh Midveor Meeting, May 12-15, 1952. 
will ¢ oe 
rour par — 
Write te 
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LAUGH with BARNEY 


P< ao ee _P-ES-—ste 


Willie Johnson, a sawed-off beaten 
down little man, was arraigned in a 
Texas court on a felony charge. 

The clerk intoned: “The State of 
Texas versus Willie Johnson!” 

Before he could read further, Willie 
almost broke up the meeting by sol- 
emnly declaring: “Lawd! What a 
majority!” 

7 7 7 

“Hey, Pop! Wotcha doin’ kissing the 
maid?” 

“Bring me my glasses, son, I thought 
it was your mother.” 

v 7 7 


“Mama, where doth elephants come 
from; and don’t try to thtall me off wiv 
that gag about the thtork.” 


7 7 7 


He was an American. She was French. 
He was in New York to buy furniture 
for his southern store. He met her in the 
elevator. She looked good to him. He 
looked good to her. He took out a pad 
and pencil and drew a picture of an 
automobile with a question mark after 
it. She nooded yes. They went for a ride 
in the park. He drew a picture of a 
restaurant. She nodded- yes. They ate. 
He drew a picture of some dancers. 
Again she nodded yes. They danced. 
Then she asked for a pencil and pad. 
He gave them to her. She drew a pic- 
ture of a four-poster bed. Now, what he 
is trying to figure out is how she knew 
he was in the furniture business. 


LANE-WELLS 
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Child: “Just think. David’s father is 
42 and still alive.” 

7 v 7 

Clutching at the sleeve of a benevo- 
lent passer-by the beggar pleaded for 
a nickel with which to buy a cup of 
coffee. 

“Why should I give you a nickel?” 
the other asked. “What brought you to 
this sad plight?” 

“It has not always been so,” replied 
the beggar. “Just a few short years ago 
I was a prosperous businessman like 
you. On the wall above my desk was 
the motto — ‘Think Constructively, Act 
Decisively.” Wealth poured in and I be- 
came one of the most respected men in 
the community.” 

“Yes, and then... 

“Then,” cried the beggar as he shook 
convulsively, “Then . . . the scrubwoman 
burned my motto.” 

7 7 j 
If you would speak for all to hear, 
Avoid the flowing cup, 
For after too much bottled cheer, 
Your tang gets toungled up. 
7 7 7 

Voter: “Why, I wouldn’t vote for you 
if you were St. Peter himself.” 

Candidate: “If I were St. Peter, you 
couldn’t vote for me—you wouldn’t be 
in my district.” 


” 


7 v 7 
“You’re looking good today, pal; 
who’s your embalmer?” 


LOOKS AS 
THOUGH THE 
FIELD WAS A FEW 
MILES EAST OF 
HERE / 





To obtain more information on products advertised see page E-41 








Statistics: At the age of 75 there are 
18% more women than men. 
At the age of 75 who cares. 


A 7 od 


First Old Maid: Men are all alike. 
Second Old Maid: Yes, men are ai] | 
like, too. 
7 7 v 


Lula’s brother worked so long on a 
dairy farm that he still shakes hands 
one finger at a time. 

7 7 7 

Boss: Who do you think you are— 

head of this department? 


Zeke: No, Sir. 
Boss: Then don’t talk like an idiot! 
v v 5 A 


Husband: “Now that Uncle Herman 
is buried, I want to confess that I got fed 
up with the old boy something awful. 
But I said nothing for twenty years be- 
cause, after all, he was your uncle.” 

Wife: “My uncle! I thought he was 
your uncle!” 

5 5 7 


Everything in life eventually adjusts 
itself, except a girdle. 


t y y 


A musician married an ugly woman 
for money. Everywhere he went, he 
would take her with him. “I can under- 
stand your marrying her for her money,” 
a friend said to him, “but why do you 
have to take her with you every place 
you go?” The musician replied: “It’s 
better than kissing her good-bye.” 


7 A 7 


“T met my wife at a travel bureau. She 
was looking for a vacation and I was the 
last resort.” 

—Highland Park Masonic Tidings. 


7 7 LA 


Mrs. Andrews was sitting in the break- 
fast nook shelling peas when she heard 
a knock at the back door. 

Thinking it was her young son, she 
called. “Here I am, darling.” 

There was a moment of silence, and 
then a deep voice boomed, “This is not 
the regular iceman, ma’am.” 

v v 7 


The boy and girl were out in the high- 
way when the car broke down. He didn’t 
seem to mind and wanted to make love. 
a kisses will put new life in you,” he 
said. 

“Then for goodness sakes get out and 
kiss the car,” she replied sweetly. 

v + 7 


Husband: Let’s go out and have a 
good time tonight. 
Wife: Okay, but please leave the light 
on if you get home before I do. 
7 v v 


The driver is safer when the roads 
are dry; the roads are safer when the 
driver is dry. 

7 7 5 


“Shay, lishen, lady, you’re the hom- 
liest woman I ever shaw.” 

“Well, you’re the drunkest man I! 
ever saw.” 

“T know, lady, but I'll get over it in 
the morning.” 
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Here’s why e e e The great new 
Chrysler V-8 Industrial Engine is com- 
pletely new in V-8 design. This engine 
embodies more desirable characteristics 
than ever before offered to Industrial 
engine users. 

Hemispherical Combustion Chamber provides 
33 per cent more horsepower, 16 per cent 
higher torque. It increases displacement only 
3.2 per cent,* yet develops more power for 
displacement than any comparable engine 
in Industrial use. It is today’s most nearly 
perfect combustion chamber! It allowed many 
desirable changes in V-8 design—most im- 
portant of which are larger and wider spaced 
valves and “free-flow” intake and exhaust 
porting. 

Centered Spark Plugs provide shorter flame 
travel through fuel. You get greater power 
from the same amount of fuel; easier, faster 
starting, plus less carbon deposit in the 
chamber, adding years to engine life. 
Overhead Lateral Valves are larger, wider 
spaced. They operate cooler, eliminating pre- 
ignition. This ingenious valve arrangement 
permits gravity flow of the fuel and air mix- 
ture into intake and out of exhaust ports— 
practically eliminates back pressure. 


More Efficient Cooling is due to less heat 
rejection in the combustion chamber. More 
heat is turned to power. More coolant flows 
around valves and bore. Water jacket com- 
pletely surrounds cylinder. With less coolant 
this new engine has better cooling —a more 
compact, efficient, over-all cooling system! 

These are only a few of the important de- 
velopments made in Chrysler Industrial 
V-8’s. There are many more. These engines 
will give you a whole new conception of 
Industrial power. Ask a Chrysler Industrial 
Engine Dealer to explain their advantages 
on your jobs, or write us direct for full 
information. Marine and Industrial Engine Divi- 
sion, Chrysler Corporation, 12200 E. Jefferson 
Ave., Detroit 31, Michigan. *Model IND-20 





‘ SUER / WDUSTRIA! | 


offers Greater Power, 


> bustion chamber, 


— Industal Sf Engines 


More Efficiency! 









































Cutaway view of 
dome-shaped com- . 


centered plug and 
overhead lateral 
valve arrangement... 


setae ditnetined 




















































































OIL and GAS TRADE NEWS 





Flanders Reports Activity 
Increased in South America 


Exploitation activity in Colombia is 
at the highest peak in history, accord- 
ing to George S. Flanders, export sales 
engineer for Lane- 
Wells Company. 
Just back from a 
two-month tour of 
Mexico and South 
American countries, 
Flanders reflected 
considerable opti- 
mism regarding the 
industry situation in 
: ag ee 

bia, Trinidad, an 
George S. Flanders Seen, Gidhese am 
erations in Trinidad to date have been 
successful and more activity of this type 
is planned, according to Flanders. 


Iverson Officers Re-Named 


The annual stockholders meeting of 
Iverson Supply Company was held in 
the company’s Tulsa, Oklahoma, offices 
recently. All officers and directors were 
re-elected. The officers are as follows: 
S. J. Iverson, president; A. M. Iverson, 
executive vice president; Paul D. Iver- 
son, vice president; T. D. Collins, vice 
president and. general manager, and H. 
B. Downing, secretary and treasurer. 
Sales for the past fiscal year showed a 
substantial increase. 


Babcock and Wilcox Move 


Babcock and Wilcox Company, one of 
the largest producers of steam gen- 
erators and related equipment, has 
opened offices at new headquarters in 
the recently completed 32-story fully air 
conditioned Chrysler Building East at 
161 East 42nd Street, New York City. 
Sales offices of The Babcock and Wilcox 
Company’s tubular products division 
will not be affected by the move, and 
will remain in their present location at 
22 East 40th Street. In its new head- 
quarters Babcock and Wilcox will oc- 
cupy the second through the sixth 
floors. 


Shields Branch Office Moves 


Shields Rubber Company is moving 
its Chicago, Illinois, branch operations 
into larger quarters in 108-112 North 
Clinton Street, it has been announced. 
The move is necessitated by a rapidly 
expanding volume of sales and a broad- 
ening of product lines. Shields Rubber 
Company is the distributor of the New 
York Belting and Packing Company 
line of conveyor and elevator belting, in- 
dustrial hose, etc. The new Chicago 
headquarters is larger than the old lo- 
cation, as the company has doubled its 
Chicago branch sales organization. Jack 
V. Lanahan is the branch manager. 


E-24 


Houston Office Open 


Paul Charrin, president of Perforat- 
ing Guns Atlas Corporation, announces 
the opening of the company’s downtown 
sales offices on the fourth floor of Hous- 
ton, Texas’, new Melrose Building. This 
brings the number of PGAC’s offices in 
the United States and Canada to 16, in- 
cluding the plant at Houston. 


Onan Appoints Distributors 


Three new distributors have been ap- 
pointed to handle Onan products in their 
respective territories, D. W. Onan & 
Sons, Inc., announces. They are A. F. 
Shane Company, Pittsburgh, Pennsyl- 
vania; the Koochook Company, St. 
Louis, Missouri, and Motor Mercantile 
Company, distributor for Utah and 
Eastern Idaho. 





E. T. (Bill) Roberts, left, Mission 
Manufacturing Company, engineer, visits 
with W. M. Bailey, driller, on one of the 
Eddy Steen rigs near Garwood, Texas. 





Lane-Wells Adds New 
Service Points in U. S. 


Lane-Wells Company, in an effort to 
give a more concentrated coverage in all 
of this country’s major oil fields, has in- 
creased its number of locations by 15 in 
1951 and 1952. They now have 66 sery- 
ice points in the U. S. 


Ten new locations in the Gulf Coast, 
Mid-Continent, and Pacific Coast divi- 
sions were made in 1951. Five more have 
been added since January of 1952, the 
company reported. 

Haskell truck station, under the su- 
pervision of Harry Johnson, was opened 
at Haskell, Texas. Sales engineer A. W., 
Cook is based there also. E. M. Eddings, 
Jr., is in charge of the Freer, Texas, sery- 
ice point. This is a new southwest serv- 
ice point. 

E. W. Sutton, Jr., is operator in charge 
of the McCamey, Texas, truck station 
and H. J. Whitman is superintendent of 
the one recently opened at Monahans, 
Texas. 


In the Mid-Continent division, the 
company has opened its first branch in 
North Dakota. Ernest H. Winer is op- 
erator in charge of the Williston truck 
station. 

The Lane-Wells Canadian Company, 
an affiliate of the American concern, has 
opened a new office in Swift Current, 
Saskatchewan, to serve Lloydminister on 
the Northwestern Saskatchewan-Alber- 
ta border, and the Coleville area in the 
Southwest. This is the area considered 
one of the foremost untapped regions in 
west-central Canada. 

Another location is in Henderson, 
Kentucky, in the Mid-Continent divi- 
sion. This office will serve Southern 
Kentucky. Darrel E. Hout has been 
named station superintendent. 


Sales engineers and district managers of Franks Manufacturing Corporation convened in 
Tulsa, Oklahoma, recently for a week's annual sales meeting held at the Mayo Hotel. Shown 
at the Franks plant at Tulsa are: First row, H. E, Stanfield, Joe Rutledge, H. M. Maher, Johnny 
Leyh, Tommy Knoblick, Vern Alley. Middle row, Jamie Deal, Doug Lawrence, Albert Hastings, 
Hilmer Heinritz, Dale Lamer, Bill Pitezel, A. H. Wilkinson, Jeff Gray, Dick Jones, John Ingram, 
C. C. Simmons, Dudley Jordan. Back row, Arthur Sessler, John Howard, R. M. White, Carol Morrow, 
S. E. Corry, Carl White, Jr., H. A. Rogers, and Norman Massey. 
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Mission Manufacturing Company reception office and visitors’ parking area at its head- 
quarters on Humble Road in Houston, Texas. The new building includes the centrifugal pump, 
purchasing, engineering, accounting, personnel, and manufacturing departments, and ware- 
house and shipping space as well as the reception office. Visitors’ parking is in front of the 
building with an entrance from the south driveway. 


New Acetylene Ethylene 
Process Is Announced 


The Wulff Process Company has just 
announced that it has entered into 
agreements with the Lummus Company 
of New York, The Fluor Corporation, 
Ltd., of Los Angeles, and Girdler Cor- 
poration of Louisville, under which 
these companies are authorized to de- 
sign and construct plants for applica- 
tions of the Wulff Process for making 
acetylene and ethylene. Wulff has been 
operating a commercial size pilot plant 
in Maywood, California, for the past 18 
months, and during the last 9 months 
of this period the plant has been in con- 
tinuous production of acetylene. 


Synthetic Resin Plant Set 


Chemical Plants Division of Blaw- 
Knox Company was awarded a contract 
by Marshall-Eclipse Division of Bendix 
Aviation Corporation to build a special 
synthetic resin plant at Green Island 
(Troy), New York. To consist of two 
large production units, the plant will 
produce primary phenolic resins as well 
as resins of other types. Blaw-Knox ex- 
pects to have the plant completed by the 
latter part of 1952. 


Baker Oil Tools Depicted 


Richfield Oil Company’s Southern 
California television program, “Success 
Story,” recently featured Baker Oil 
Tools, Inc., and its new Los Angeles 
home over Station KTTV. “Success 
Story” has just been awarded TV-Radio 

ife magazine’s annual distinguished 
service award in recognition of its con- 
tributions to public education. 


Gram Named Agent 


The Gram Asbestos Company has 
been appointed distributor-applicator 
for Kaylo Heat Insulation by Owens- 
Illinois Glass Company, it was an- 
nounced by W. M. Hankins, Jr., general 
sales manager of Owens-Illinois’ Kaylo 


‘Division. The material, a chemical com- 


pound called hydrous calcium silicate. 
insulates effectively against tempera- 
tures all the way up to 1200 F. 
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Special Division Formed for 
Instrument Development 


Beckman Instruments, Inc., has re- 
cently established a new special prod- 
ucts division under the direction of J. 
F. Bishop, which 

will be devoted pri- 
marily to the study 
and development of 
special instruments 
brought to it by in- 
dustrial organiza- 


tions. Need for such 
a division has be- 


‘ ts come 
re 


increasingly 
eo apparent in recent 

J. F. Bishop years with the rapid 
instrumentation and the realization by 
industry of the greater speed, accuracy, 
and efficiency that advanced instrumen- 
tation provides. The new division is a 
completely separate organization with- 
in the Beckman Instrument operations, 
and is situated in its own plant, with 
complete development and production 
facilities for manufacturing and testing. 


Trade News 





Solvay Dedicates 
New Soda Ash Plant 


The Solvay Process Division, Allied 
Chemical and Dye Corporation, marked 
completion of its new multi-million dol- 
lar soda ash plant in Syracuse, New 
York, with dedication ceremonies and 
an open house for employees, their 
friends, and the general public. Daily 
output of soda ash by the new plant 
would equal the amount of this basic 
chemical needed to produce nearly 10,- 
000,000 qt milk bottles. Soda ash is also 
used in the manufacturing processes of 
some 40 other industries for the pro- 
duction of such varied products as bi- 
carbonate of soda, household cleansers, 
soap, aluminum, paints, chemicals, 
foods, clothing, and cosmetics. 


Williston Basin Store Set 


Rapid development of oil drilling ac- 
tivity in the Williston Basin area has 
prompted The National Supply Com- 
pany to build a permanent store build- 
ing at Williston, North Dakota, replac- 
ing its present temporary store. The 
area has been a busy one since oil was 
struck at Tioga, North Dakota, in April, 
1951. Walter F. Smith is manager of the 
temporary store, at 320 Second Avenue, 
West, Williston, under supervision of 
J. W. Gillespie, Casper, Wyoming, di- 
vision manager. 


Foil Mill Capacity Up 

Expansion of its Permanente, Cali- 
fornia, aluminum foil mill to increase 
production capacity 50 per cent and 
manufacture foil of wider dimensions 
was announced by Kaiser Aluminum 
and Chemical Corporation. The plant’s 
capacity will be boosted from 12,000,- 
000 Jb to 18,000,000 lb per year, and 
the range of available foil widths will 
be nearly doubled, allowing the mill to 
produce the widest foil in current use. 
New construction and installation of ad- 
ditional equipment will begin in the 
near future. 


New officers and directors were elected by the Association of Well Head Equipment 
Manufacturers at their annual meeting recently. Officers are: B. V. Fisher, secretary and treas- 
urer, and L. L. Rector, Rector Well Equipment, director; A. T. Lawrance, Beaumont Iron Works 
Company, president; E. L. Lorehn, Cameron Iron Works, retiring president; and L. D. Hilton, 
executive secretary. Donald U. Shaffer, Shaffer Tool Works, is vice president. Directors, not shown, 
are: L. L. Garber, Hinderliter Tool Company, Thomas J. Regan, Regan Forge and Engineering, 
Glenn Johnson, Baash-Ross Tool Company, and Lawrance, Lorehn, Rector, and Shaffer. 
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Positive Flow Control 


@ For special hookups such as well head assemblies 
and gauge panels, the R-PaC Bar Stock Valve has 
no equal. It is a fine throttling valve that positively 
controls the flow. 

Male and female end type is made of carbon or 
chrome stainless in 14” and 4” sizes, in globe and 
angle types. Other bar stock valves are made of 
bronze, stainless, or carbon and stainless steel in 
sizes 14” to 1". High pressure and temperature ranges. 

See your R-Pa&C distributor or write nearest 
R-P&C district office for information on 
precision turned Bar Stock Valves. 


R-PaC 
valves 


R-PaC VALVE DIVISION 
AMERICAN CHAIN & CABLE 


Reading, Pa., Atlanta, Baltimore, Boston, Chicago, Denver, 
2 Detroit, Houston, New York, Philadelphia, Pittsburgh, 
oY San Francisco, Bridgeport, Conn. 


To obtain more information on products advertised see page E-41 
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Winslow Opens New 
Kentucky Factory 


In a reversal of the usual westward 
expansion trend, Winslow Engineering 
Company of Oakland, California, has 
announced the opening of a new (ac. 
tory for the manufacture of Winslow 





Robinson Kern 


Duffy 


filters and elements in Murray, Ken- 
tucky. The new plant is expected to get 
into production within the next few 
weeks and will be operated independent- 
ly under the name of Winslow Engineer- 
ing, Inc. Manager of the new plant is 
Joseph L. Kern, formerly office manager 
at Winslow’s Oakland headquarters. A 
fellow Californian, Donald R. Robin- 
son, was named production manager. 
Robinson, a Navy veteran of World War 
II, joined the Winslow organization in 
1941. Martin J: Duffy, a former instruc- 
tor in diesel engineering at United 
States Merchant Marine training schools 
in both New York and California, has 
been named office manager. This is his 
sixth year with Winslow. Jewell S. 
(Duke) Welch, who joined Winslow in | 
1950 after 25 years with Hall-Scott Mo- 
tors in employee relations capacities, 
has been appointed personnel manager. 


Ashcroft Centennial Held 


Manning, Maxwell and Moore, Inc., 
held a two-day centennial celebration 
at its Stratford, Connecticut, plant, in 
honor of the one hundredth anniversary 
of its Ashcroft pressure gage line of 
products recently. It was in 1852 that the 
first Ashcroft gage was manufactured. 
The gage was named for its inventor, 
Edward H. Ashcroft, who held more 
than 60 patents in his lifetime. 


CEC Instruments Formed 


The formation of a new corporation, 
CEC Instruments, Inc., as a subsidiary 
organization to handle sales and service 
work on instru- 
ments manufactured 
by Consolidated En- 
gineering Corpora- 
tion, was announced 
by the Pasadena, 
California, firm. Of- 
ficers of the new 
company will be: 
Philip S. Fogg, 
president; James B. 
Christie, secretary; 
Hugh F. Colvin, 
treasurer, and Robert L. Smallman and 
Harold F. Wiley, vice presidents. Main 
office of CEC Instruments, Inc., will be 
at the Consolidated plant at 300 North 
Sierra Madre Villa, Pasadena. 





P. S. Fogg 

















TO OPEN or CLOSE SINGLE 
SEATED VALVES UNDER HIGH 
PRESSURE DROP CONDITIONS 


Fisher Type 5700-458 “AMT” pressure bal- 
anced diaphragm motor valve will actuate 
large single-seated valves for tight shut-off 
on high pressure drops. It features full pneu- 
matic performance — no springs, no levers or 
weights. Double diaphragm avoids backlash 


effects probable with single diaphragm con- DIAPHRAGM MOTOR VALVES 


struction. Develops up to 5,000 Ibs. stem 


thrust with 30 Ibs. air supply. Designed for FOR HEAVY DUTY SERVICE 


fast stroke action. Fully strokes inner valves 


in 13 seconds. * AMT “Answer Me Twice’. In action, pressure added 
WRITE TODAY FOR BULLETIN E-5700 to one diaphragm, subtracted from omer. 


FISHER GOVERNOR COMPANY Marshalltown, lowa 
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Bethlehem’s new store in Midland. B. K. Smith, right, is manager. 


Bethlehem Opens New Store 


Bethlehem Supply Company opened 
its newest and most modern store at Mid- 
land, Texas, recently. This store, located 
southeast of Midland, just outside the 
city limits on the Garden City Road, 
State Highway No. 158, is one of Beth- 
lehem’s largest installations. It is under 
the supervision of W. A. LaRew, district 
manager. B. K. Smith, who has been in 
charge of the Snyder, Texas, store, will 
be store manager. 


Waukesha Office Set Up 


A division office for the Odessa and 
Snyder, Texas, and Hobbs, New Mexi- 
co, stores of Waukesha Sales and Serv- 
ice, Inc., has been 
opened in Midland, 
Louis M. Pearce Jr., 
president of Wauke- 
sha Sales and Serv- 


| W. L. Jenkins, for- 
| mer district mana- 
ger of the Corpus 
Christi branch of 
Waukesha Sales and 
Service, is division 
manager. Tom Gate- 
wood is now man- 
ager of the Hobbs 
office and Cecil Hobby is manager at 
Snyder. 





W. L. Jenkins 


Rust-Oleum Names 12 Agents 


The Rust-Oleum Corporation has ap- 
pointed 12 new industrial distributors 
in their nation-wide distributor organ- 
ization. They are: Galen Paint Com- 
pany, New Jersey; Adkins and Douglas 
Company, Maryland; Metropolitan 
Paint Company, Washington, D. C.; 
Stebbins-Anderson Co., Inc., Maryland; 
Industrial Equipment and Engineering, 
Massachusetts; Parsons Brothers, Inc. 
Connecticut; Summers Hardware and 
Supply Company, Tennessee; Carey 
Brothers, New York; Masek Auto Sup- 
ply Company, Inc., Nebraska and Wyo- 
ming; M. A. Hartnett, Inc., Delaware, 
and Superior-Sterling, West Virginia. 


Dow Michigan Plant Underway 


Construction is progressing satisfac- 
torily on a new plant for the manufac- 
ture of polyvinyl chloride, it was an- 
nounced by Dr. R. H. Boundy, manager 
of the plastics department, The Dow 
Chemical Company. The new facilities 
at Midland, Michigan, including poly- 
merization and drying units, are expect- 
ed to be completed and in operation 
early this summer. 
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ice, has announced. - 


New Sales Division Formed 


Independent Pneumatic Tool Com- 
pany, manufacturers of Thor portable 
power tools, has inaugurated a new 
Thor industrial sales division and made 
three promotions to effect the new di- 
vision’s expansion of the sales depart- 
ment. New appointments are as follows: 
J. A. Hill, manager of industrial sales. 
J. F. Corkery, manager of electric tool 
sales, to succeed Hill. G. A. Thoma, 
sales promotion manager, to succeed 
Corkery. 


Westinghouse to Build Plant 


A new multi-million dollar plant, 
more than 500,000 sq ft in size and em- 
ploying 2500 people, will be built in 
Raleigh, North Carolina, by Westing- 
house Electric Corporation. The plant 
will manufacture watthour electric me- 
ters. It is being constructed to provide 
additional facilities at the division’s 
Newark, New Jersey, headquarters. 


Childers’ Agents Named 


The Childers Manufacturing Com- 
pany announces the appointment of new 
sales and engineering representatives 
for Childers aluminum weather-proof 
jacketing in Cleveland, Ohio, and Balti- 
more, Maryland. Childers jacketing is 
a weatherproofing for outside insulated 
lines in power. plants and all processing 
industries such as refineries and chem- 
ical plants. The W. M. Acker Organ- 
ization, Inc., Cleveland, has been ap- 
pointed to handle sales of Childers jack- 
eting in Cleveland. Jobe & Company, 
Baltimore, has been appointed to han- 
dle the sales of Childers jacketing in the 
Baltimore area. 


“Oilwell” Completes New 
California Headquarters 


The completion of an extensive pro. 
gram of facilities improvement and per. 
sonnel appointments in the California 
area was announced by Donald §S, 
Grubbs, California area manager of U. 
S. Steel’s Oil Well Supply Division. The 
new address of the California area head. 
quarters is 4900 South Santa Fe Ave. 
nue, in Vernon. The offices occupy 5600 
sq ft and are housed in a 54,000-sq ft 
structure. 


Twenty-first Birthday Noted 


Marmon-Herrington Company, Inc., 
is celebrating its 21st anniversary this 
year. Founded in 1931 by the late Wal- 
ter C. Marmon and Arthur M. Herring- 
ton, the company has grown from a 
small custom builder of large multiple. 
drive vehicles to become not only the 
world’s largest commercial producer of 
all-wheel-drive trucks, but one of Amer- 
ica’s foremost manufacturers of transit 
vehicles. 


Texsteam Sales Expands 


Texsteam Corporation, of Houston, 
Texas, a divison of Vapor Heating Cor- 
poration, will handle sales of Texsteam 
safety valves, Va- 
por-Clarkson steam 
generators, chemi- 
cal injection pumps 
; and other products. 
+ Up to now Texsteam 
products have been 
used primarily in 
the oil production 
industry, with this 
change the company 
is expanding sales 
to other industries, 
and will also handle other products, 
according to Art Loose, vice president 
of Texsteam in charge of Houston oper- 
tions. Frank Richards, formerly with 
Bettis, will now be associated with Tex- 
steam as sales manager. John Sheesley 
and Otto Schoenfeldt will continue to be 
associated with Texsteam. The steam 
generators known in the oil fields as 
Bettis Steamers will now be sold as Tex- 
Steamer, Vapor-Clarkson generators. 





Art Loose 


Secony Vacuum Oil Company of Venezuela's Caracas office visited the plant of Mission 
Manufacturing Company in Houston as one of the stops on their tour of important industrial 
plants in the United States. After leaving Houston the group went to Chicago and New York 
before returning to Venezuela. They are: Alberto Marin, Socony Vacuum, Jack Stewart, Mission, 
Luis Biaggi, Socony, W. T. Campbell, Mission, R. N. Ross, Magnolia Petroleum Company of 
Houston, Augustin Millan and Pedro Campos of Socony, F. S. Mims of Mission, and George 
Kendall and Miguel Golindano of Socony. 
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Trane Sponsors 
Engineers’ Meeting 

About 100 engineers attended meet- 
ings held recently at Wilmington, Del- 
aware, and Philadelphia, Pennsylvania, 
where developments in heat transfer 
surface were exhibited by The Trane 
Company, La Crosse, Wisconsin. It was 
revealed that new types of Trane brazed 
aluminum heat transfer units are cap- 
able of withstanding pressures up to 
1000 psig and temperatures ranging 
from minus 320 F to plus 600 F. These 
units can pack more than 400 sq ft of 
heat transfer surface into one cu ft. 


Royston Buys Tulsa Space 


Royston Laboratories, Inc., has ac- 
quired additional facilities in Tulsa, 
Oklahoma, for storing its industrial 
coating products, to expedite deliveries 
to Western and Midwestern users. Ware- 
housing will be continued as before at 
Blawnox and Springdale, Pennsylvania. 


Drayer-Hanson Buys 


Jackson Engineering 

According to George J. Morton, pres- 
ident, Drayer-Hanson, Inc., his company 
has completed the purchase of the Jack- 
son Engineering Company. The an- 
nouncement was confirmed by Gordon 
M. Jackson, who will join Drayer-Han- 
son as vice president of the industrial 
division. The purchase involves the ex- 
change of approximately 30,000 shares 
of Drayer-Hanson common stock. 


. " 
* 4 i4 Ais ee. 


Attending the Petroleum Equipment Salesmen’s Association meeting in Los Angeles, 


Trade News 









California, recently are: Clarence S. Beesemyer, right, standing, executive vice president, General 
Petroleum Corporation, speaker. Seated, H. J. Schlarb, Chiksan Company; James C. Russell, Repub- 
lic Supply Company, and D. H. Greenwood, Falcon Products Company. 


Lane-Wells Sponsors Contest 


The Lane-Wells Company is sponsor- 
ing a technical paper contest for petro- 
leum engineering students of 10 univer- 
sities and colleges throughout the Unit- 
ed States and Canada. Those eligible 
are undergraduate or graduate students 
in petroleum engineering who are reg- 
ularly enrolled at Texas A&M, Colorado 
School of Mines, Louisiana State Uni- 
versity, Tulsa University, University of 
Alberta (Canada), University of Cali- 
fornia, University of Oklahoma, Uni- 





versity of Southern California, or Uni- 
versity of Texas. Complete details can 
be obtained from department of petro- 
leum engineering at listed schools. 


Felt Plant Underway 


The first unit of a complete new plant 
at Skokie, Illinois, for the Felt Prod- 
ucts Manufacturing Company now is 
under way. Plans call for a complete 
new manufacturing plant of 150,000 sq 
ft equipped with the machinery and 
facilities for quality gasket manufacture. 








NEW 
DATA 
BOOK 
makes 
your 
job 
easier oon 





@ 1952 Catalog and Data Book gives 

@ you technical information on Beaver Pipe and Bolt 
Machines and Hand Tools. Illustrated throughout. 

A number of pages are devoted to an “Operating 

e Guide” that tells how to locate and correct pipe ma- 

chine and tool troubles. Clarifies thirty-one problems. 

~- Now available! Write for your free copy today! 


256-300 Dana Ave. - 














Warren, Ohio, U. S. A. 
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“Cuts cleaning time 
from 10 days to 12 hours” 


hat’s what one operator says about the Oak- 

ite Interior Tank Cleaning Unit. And that’s 
not all... this versatile unit cuts costs from $2000 
to $450... cuts clean-up crew from 10 men to 4. 
Rotating nozzles of this powerful Oakite Tank 
Cleaning Unit discharge hot Oakite detergent 
solution at 100 Ibs. pressure; blast every square 
inch of surface clean, No more hand-brushing, 
scraping, steaming-out. 


Try Oakite cleaning on your tank cars, ship tank- 
ers, barges. Write Oakite Products, Inc., 48 
Rector St., New York 6, N.Y., for illustrated cir- 
cular. FREE! 
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> Robert C. Becherer, executive vice 
president of Link-Belt Company, has 
been named director of the company. 
William J. Kelly, president of Machin- 
ery and Allied Products Institute, is 
also a director for Link-Belt, increasing 
the number to 14 directors. Becherer 
was also named president of the com- 
pany, succeeding George P. Torrence, 
who is retiring from active service. He 
joined Link-Belt in 1923. 


> Harold A. Hintz was recently ap- 
pointed sales manager of Grant Oil Tool 
Company, succeeding J. A. “Jerry” 
Engstrand, resigned. Hintz studied en- 
gineering at the University of Chicago. 
He was with the Axelson Manufacturing 
Company for seven years, after which 
he opened and organized west coast of- 
fices for H. K. Porter, Inc., in San 
Francisco, Seattle, and Salt Lake City. 


> Doyle Tucker has been transferred to 
Williston, North Dakota by Technical 
Oil Tool Corporation. Tucker, who has 
been with Totco at 
Snyder, Texas, will 
continue to work 
under the direction 
of E. G. McConnell, 
Toteo Mid - Conti- 
nent manager. With 
Tucker, Totco now 
has three men serv- 
ing Rocky Moun- 
tain area through 
the Continental Sup- 
ply Company stores. 





Doyle Tucker 


> M. O. Monsler is new manager of Har- 
nischfeger Corporation’s welder and 
electrode division after having been 
sales manager of this division for two 
years. W. R. Stephens is taking over 
the duties of sales manager of Harnisch- 
feger Corporation’s welder and elec- 
trode division. Before his association 
with the company in 1947, Stephens ob- 
tained 11 years of experience as a re- 
search laboratory metallurgist and elec- 
trode sales engineer. 


> William Robert Daugherty has been 
named sales manager of the OTM Com- 
pany. The OTM Company was formerly 
the O-T-M Supply 
Company. Before 
joining OTM, he 
was employed by 
the Fish Construc- 
tion Company, in 
Houston, on the con- 
struction of the 
Transcontinental 
gas pipe line. He 
received a BA de- 
gree from Lafayette 
College in 1928, a 
law degree from Southwestern Univer- 
sity in 1930, and an engineering degree 
from Carnegie Institute of Technology 
in 1933. 





W. R. Daugherty 
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TRADE PERSONALS 


> Harold Niemeyer, veteran of 22 years 
with Western Gear Works has been 
named assistant to the area manager, at 
the Lynwood, California plant. Stan 
Coultas, formerly superintendent, has 
been promoted to production manager 
at Lynwood, largest of Gear Work’s 
five Pacific-Western plants. 


> William S. Sprague, president of Wal- 
drip Sales Company has invented an 
air raid and flood warning system to 
take the place of the steam whistles now 





in use in this nation’s A-bomb factories. 
More than 200 units have been installed 
at Los Alamos by the Atomic Energy 
Commission. The small apparatus is 
plugged directly into any electric wall 
socket. When any emergency, such as an 
air raid or the bursting of a river dam, 
threatens, power companies in the area 
would be expected to lower the fre- 
quency of their current slightly. A 
separate unit has been devised for use 
in homes to be operated on alternating 
current. 


>L. A. Dixon and James E. Ashman 
have been named executive vice presi- 
dents of Rockwell Manufacturing Com- 
pany. Dixon was as- 
sociated with Wis- 
consin Axle Com- 
pany and Pittsburgh 
Equitable Meter 
Company, now a di- 
vision of the Rock- 
well Manufacturing 
Company, in 1926 
as assistant to the 
president. Ashman 
joined Rockwell in 
January, 1947, as 
controller and later held both this posi- 
tion and that of vice president. 





L. A. Dixon 


> R. D. Shaw has been named director of 
sales, a newly created post in Dowell 
Inc. Marshall Stirling, sales manager of 
the petroleum division of Dowell with 
offices in Fort Worth, will move to 
Tulsa as general sales manager, replac- 
ing Shaw. W. N. “Woody” Estel, who 
has been sales development manager, 
has been promoted to assistant general 
manager of Dowell and will be directly 
responsible for a new department. 
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J. J. Breitzman 


R. E. Boettcher 


> Roy E. Boettcher and James J. Breitz- 
man have been appointed district sales 
engineers of Chain Belt Company of 
Milwaukee’s Dallas, Texas office. 

Boettcher, a University of Wisconsin 
graduate, has for the past several years, 
been office and warehouse manager for 
the company’s Dallas operations. Breitz- 
man is a mechanical engineering gradu- 
ate of Marquette University. He worked 
for Chain Belt as a co-op student while 
attending school. 


> James M. Wallace, formerly manager 
of the switchgear distribution apparatus 
department for the Westinghouse Elec- 
tric Corporation has been named mana- 
ger of the Westinghouse meter division. 
In the new post, he succeeds G. H. 
Grossnickle, who has been appointed 
manager of manufacturing. 


> George M. Theimer has been named 
southwestern divisional sales manager 
with headquarters in the Houston of- 
fices of the Grove 
Regulator Company. 
Theimer will direct 
sales activities in 
the Mid-Continent 
and Gulf Coast 
areas where Grove 
valves, regulators, 
and pressure and 
flow control systems 
are in extensive use. 
He is a graduate of 
the University of 
Minnesota College of Engineering. 


> Roland O. Crawford and Carl H. 
Jackson have been added to the sales 
staff of Great Lakes Corporation. Craw- 
ford comes to Great Lakes Corporation 
from Security Engineering Company. 
Jackson was formerly an engineer for 
Baroid Sales in Tulsa. 


} I. D. Abshire has been named sales 
representative for the South Texas area, 
Well Equipment Manufacturing Cor- 
poration, with head- 
quarters in Corpus 
Christi, Texas. Ab- 
shire was formerly 
sales representative 
with National Sup- 
ply Company and 
Mission Manufac- 
turing Company. 
Before beginning 
his work in South 
Texas, he completed 
the WECO sales 
training program. Abshire will replace 
C. J. (Chuck) Holcomb who is being 
transferred to Houston for a special 
sales assignment. 





G. M. Theimer 





1. D. Abshire 











THESE 


3 NON-METALLIC DISCS 


can save you 
hundreds of valve dollars 


Lunkenheimer‘‘N-M-D” (Non-Metallic-Disc) Valves save 
you maintenance time and replacement money. Each disc 
is compounded for a special service — and all are easily 
interchanged or replaced. You’re sure of the right valve 
for the job when you stock Lunkenheimer ‘‘N-M-D’s.” 


LUNKENHEIMER “N-M-D” Valves with No. 
20 Discs handle 150 Ib. saturated steam and 
hot water at pressures up to 300 Ibs. and 
temperatures to 150°F. No. 20 Discs are 
designed for use on all Lunkenheimer 
“\N-M-D” Globe, Angle, Check, and Quick 
Operating Valves where hot fluids are 
handled. 


* 


LUNKENHEIMER “N-M-D” Valves with No. 
30 Discs are recommended especially for 
cold water, air, and gas service at pressures 
to 300 Ibs. All Lunkenheimer ‘‘N-M-D” 
Valves can be converted from one service to 
another simply by exchanging the discs, 
which are identical in size and shape. 


* 


LUNKENHEIMER “N-M-D” Valves with No. 
50 Discs are ideal for gasoline, oil, butane, 
and propane service. Disc-Holder for all 
“N-M-D” Valves is the slip-on type—four 
long guides prevent “cocking” and assure 
perfect disc seating. All three discs can be 
replaced or exchanged quickly. 


WRITE FOR Circular 558, which 
includes complete details, di- 
mensions, and service recom- 
mendations. It is available from 
your distributor or from The 
Lunkenheimer Co., Box 360N, 
Cincinnati 14, Ohio. 


BRONZE ¢ IRON © STEEL 
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N. Pohl H. G. Karcher 


> Neil Pohl has been promoted to in- 
dustrial sales manager at the Kansas 
City branch for the tractor division, 
Allis-Chalmers Manufacturing Com- 
pany. Pohl was industrial district mana- 
ger at Winnipeg, Manitoba, Canada, the 
past several months. 

H. G. Karcher, industrial sales mana- 
ger of the Kansas City, Missouri, 
branch, tractor division, since 1944, has 
been named manager of the firm’s 
Memphis, Tennessee, branch. He suc- 
ceeds the late G. M. Malmo, who died 
April 7. - 

A. E. Dorn, who has been Pacific 
Coast territory manager since 1943, has 
been appointed industrial sales mana- 
ger, Allis-Chalmers, tractor division. L. 
W. Davis, branch manager at Oakland, 
succeeds Dorn. Dorn follows R. M. 
Stone who has resigned after a quarter- 
century with the firm to be president of 
the Cooke Tractor Company, Inc., Allis- 
Chalmers industrial dealer. 


>E. L. Oliver, Jr., has been named 
executive vice presi- 
dent, a change from 
his recently appoint- 
ed position of vice 
president - manager, 
Oliver United Fil- 
ters, Inc. As execu- 
tive vice president, 
he will retain the 
duties of manager 
but will have broad- 
er administrative re- 
sponsibilities. 





E. L. Oliver, Jr. 


> W. Kenneth Menke has been elected 
to the newly created post of vice presi- 
dent in charge of chemicals of Pitts- 
burgh Coke and Chemical Company. In 
his new post he will be in charge of the 
general administration of Pittsburgh 
Coke & Chemical’s rapidly expanding 
chemical activities. 


> Charles R. Carmichael has been as- 
signed to the Chicago sales office of En- 
terprise Engine and Machinery Com- 

meee’ pany as a sales en- 
' gineer. Carmichael 
| spent three years in 
the Army Corps of 
Engineers. Follow- 
ing his Army serv- 
ice he returned to 
the University of 
California and grad- 
uated with a me- 
chanical engineer- 
ing degree. 









C. R. Carmichael 
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L. W. Davis 


A. E. Dorn 


> Victor J. Pollock has joined the staff 
of Consolidated Engineering Corpora- 
tion, as assistant to Hugh Colvin, treas- 
urer of the company. He attended the 
Wharton School of Finance at the Uni- 
versity of Pennsylvania, Northeastern 
University, and was graduated from 
Babson Institute in Massachusetts. 
Former associations in both the financial 
and operating fields of business included 
his work with Pacific Airmotive Cor- 
poration and W. R. Grace and Company. 


> Byron W. Cain has been elevated to 
the position of comptroller of The Con- 
tinental Supply Company and The Con- 


Company, Ltd. He 
has been assistant 
comptroller at Con- 
tinental since 1949, 
™ having joined the 
+ organization the 
_ previous year. Prior 

/ to that he was with 


wee 2 | the Carter Oil Com- 


‘ pany, Tulsa, and 
~ Byron W. Cain 


Standard Oil Com- 
pany in Venezuela, 
S. A. He is a graduate of the University 
of Texas and Harvard School of Busi- 
ness. 
> Harold A. Krueger has been appointed 
manager of the St. Louis smelting and 
refining division of National Lead Com- 
pany. Krueger, who has been produc- 
tion manager of the division since 1950, 
began his company career in 1942 as an 
engineer. He became successively a 
mine foreman and general mine fore- 
man, and in 1944 he was named assist- 
ant superintendent in charge of the Tri- 
State mines. 


> R. A. Hummel was elected chairman 
of the board, Lone Star Cement Cor- 
poration, in which capacity he continues 
as chief executive officer of the corpora- 
tion. Succeeding Hummel as president 
is H. A. Sawyer, formerly vice president 
in charge of the company’s Louisiana 
division. Sawyer was also elected a 
member of the board of directors and of 
the executive committee. 

The board also elected Th. Avnsoe to 
the newly created office of vice chairman 
of the board. Other changes in executive 
personnel include election of R. J. 
Mahon as vice president—sales, C. C. 
VanZandt as vice president—engineer- 
ing; J. H. Mathis as vice president and 
secretary, and J. W. Mather as vice 
president industrial relations. 


tinental Supply: 
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>R. P. Burton has been appointed 
Southern Rocky Mountain division 
manager for Schlumberger Well Sur. 
veying Corporation, with headquarters 
in Denver, Colorado. A graduate of the 
University of Illinois, Burton joine: the 
company in 1940, C. A. Rosentha! has 
been appointed Northern Rocky Moun. 
tain division manager with headquacters 
in Casper, Wyoming. A graduate of 
Lamar College, Rosenthal joined 
Schlumberger in 1944. The two divisions 
were formed to provide for the expanded 
activity of the corporation. 


> John E. Carroll has been elected to the 
board of directors of the American Hoist 
and Derrick Company. A graduate of 


the University of Minnesota, Carroll 


joined American Hoist in 1937 as dis. 
trict representative. He first joined 
American Hoist in 1937, resigning in 
1945 to become a partner in the firm of 
Harron, Rickard, and McCone Com- 
pany. He rejoined the company in 1949, 


> R. B. Gordon, vice president of The 
Airetool Manufacturing Company, 
Springfield, Ohio, recently completed a 
20,000 mile business trip that took him 
to 11 countries in Central and South 
America. These annual trips enable Mr. 
Gordon to visit Airetool representatives 
outside the continental limits of the U. 
S., and to meet with users of Airetool 
tube cleaning and tube expanding equip- 
ment in these countries. 


> Hewitt M. McIntosh has been made 
mid west district manager of the Votator 
Division of The Girdler Corporation, 
eee wee Louisville, Ken- 
tucky. He will make 
his headquarters in 
Chicago, at 2001 
Board of Trade 
Building. His terri- 
tory is comprised of 
Northern [llinais, 
Wisconsin, Minne- 
sota, Nebraska, 
Iowa, North Dakota, 
and South Dakota. 


> Robert T. Jones, formerly sales en- 
gineer in New York and adjoining areas, 
has been appointed field engineer by the 
Chiksan Company with headquarters at 
the company’s main plant in Brea, 
California. Jones will specialize in hy- 
draulic applications of Chiksan ball- 
bearing swivel joints, particularly in 
the aircraft field. 


H. M. Mclntosh 


> Ralph Tarter joined Hunt Tool re- 
cently as service engineer. He will be 
responsible for inspecting drilling equip- 
ment, consulting 
concerning repairs 
or changes to be 
made to such equip- 
ment and supervis- 
ing such work as 
done in the various 
Hunt Tool shops. 
For 13 years prior 
to joining Hunt 
Tool Company, Tar- 
ter was employed by 
the National Supply 
Company as service engineer. 





Ralph Tarter 














The Cenco 
Megavae Unit 
provides... 





High vacuum for fractional 
distillations, for tempera- 
ture and pressure measure- 
ments, for circulating 
nitrogen through packed 
columns, and for other pro- 
cedures in the analysis of 
‘complex hydrocarbon 
mixtures. 








The Cenco Megavac Unit 
combines high vacuum, 
high speed, and depend- 
able operation. Speed, 
375 mi. per second at 1 
micron. Vacuum, 0.1. mi- 
cron or better. Proved for 
faithful, trouble-free 
service. 





MEGAVAC PUMP 





Manufacturers and Jobbers 


of 


Scientific Instruments 


Manufacturers of 


Ac-Me and R. S. Specialties 


. Flat Bore Yel-O-Bak Thermometers 
. Streamlined Hydrometers 

. Pulsameter 

. Pressure Hydrometer Jars 

. Vapor Pressure Bomb 

. Diamond Core Drill 

. Thermo Plumb Bob Thermometers 
. Thermostat Temperature Controls 
. High Pressure Consistometer 

. Smoke Meters 


Ac-Me Recording Gravitometer 
Ac-Me Specific Gravity Gas Balance 
Ac-Me Pressure Vacuum Pump 

. S. Portable Vacuum Pump 

. §. Mercury Cleaner 

. §. Manometer 

. $. Dead Weight Gauge 

. 8. Dead Weight Tester 

. S. Orifice Well Tester 

. §. Moisture Tester 


PRAPRDARDRDP 
ANNnNNAMNHANAHnHMN 


Complete Line of Scientific Laboratory Equipment 
Write for Bulletin No. 50 CENTRAL SCIENTIFIC COMPANY 


Also Complete line of CENTRAL SCIENTIFIC SPECIALTIES CHICAGO 


REFINERY SUPPLY COMPANY 


Laboratory Apparatus and Supplies Oil and Gas Testing Equipment 


621-23 E. 4th St. Tulsa 3, Oklahoma 
HOUSTON BRANCH OFFICE and WAREHOUSE—2215 McKINNEY AVE., HOUSTON 3, TEXAS 
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Trade Personals 


p J. P. McArthur has been named mana- 
ger of Worthington Corporation’s Phila- 
dephia district sales office, succeeding 
the late W. J. Daly. McArthur was for- 
merly regional manager of West Coast 
sales. 

H. W. King, formerly manager of the 
San Francisco district office has suc- 
ceed McArthur as regional manager, 
west coast sales. He has been with the 
company since 1923. P. L. McManus, 
formerly resident salesman in Portland, 
Oregon, has been appointed manager of 
the San Francisco district office. 

Roy Carter has been appointed mana- 
ger of the volute pump section, Worth- 
ington Corporation. He joined the en- 
gineering department of Worthington 
in 1923. L. H. Garnar has been ap- 
pointed manager of the process pump 
section. A graduate of Rensselaer Poly- 
technic Institute with an M.E. degree, 
Garnar joined the centrifugal pump di- 
vision in 1930. I. J. Karassik has been 
appointed manager of the multi-stage 
pump section. A graduate of Carnegie 
Institute of Technology, he has been 
with Worthington since 1934. 





> Edward J. Duffy, general superintend- 
ent at Kaiser Steel, was appointed 
assistant to the works manager, in 





E. J. Duffy B. Dagan 


charge of iron ore and coal production 
at company-owned mines at Eagle 
Mountain, California, and Sunnyside, 
Utah. Duffy received his metallurgical 
education at Pennsylvania State, and 
joined the Carnegie-Illinois works at 
Duquesne in 1918. There he remained 
until joining Kaiser Steel in 1942. 

Barney Dagan has been named gen- 
eral superintendent of Kaiser Steel. 
Formerly assistant general superintend- 
ent, he succeeds Duffy. Dagan joined 
Kaiser Steel in 1946 as practice man in 
the open hearth division. In 1950 he 
was named division superintendent over 
all iron and steel production, and was 
appointed assistant general superintend- 
ent last February. 


> Thomas E. Luke has been appointed 
personnel manager for Baroid Sales 
Division, National Lead Company, Hous- 
ton, Texas. Prior to 
his joining the Bar- 
oid organization, 
Luke was personnel 
director for the 
Rheem Manufactur- 
ing Company in 
Houston, following 
military service dur- 
ing the war. He is 
a graduate of the 
University of Texas. 
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B. A. Hilliard W. C. Brooks 


> Ben A. Hilliard, sales manager of oil 
tool division, Byron Jackson Company, 
will be in charge of the oil tools division 
and the PB division. Sales of the two 
divisions have been combined and Hil- 
liard will direct the sales program. He 
will be assisted by three regional mana- 
gers: W. C. Brooks for the West Coast, 
Rocky Mountain, and Canada; C. F. 
Vincent for the Gulf Coast and Eastern 
areas, and J. P. Magoffin, who will 
handle the Mid-Continent division. For- 
eign sales will be handled by Earl M. 
Rees, export manager. Jack Smith, ex- 
port representative, will make all trips 
overseas with headquarters in the Los 
Angeles office. 


>» Walter Mees has been named to head 
Du Pont’s newly established petroleum 
chemicals export sales section. The ap- 
pointment was made in connection with 
a substantial expansion of Du Pont’s 
export organization handling such petro- 
leum chemicals as antiknock com- 
pounds, gasoline dyes and antioxidants, 
metal deactivator, grease stabilizers, 
lube oil additives, and cetane. He was 
formerly with Shell Caribbean Company. 


> James H. Fitzpatrick, well known 
marine service engineer, has been pro- 
moted to succeed Homer C. Karr as 





J. H. Fitzpatrick 


R. M. Brazier 


district superintendent of the Oakland 
district for BJ Service, Inc., subsidiary 
of Byron Jackson Company. Fitzpatrick 
was formerly associated with the Great 
Lakes Steamship Company in Cleve- 
land, Ohio. Fitzpatrick has been associ- 
ated with BJ Service since 1950. Be- 
ginning as a marine service engineer, he 
was promoted by the company in 1951 
to sales engineer. 

Richard M. (Dick) Brazier has been 
appointed district superintendent of the 
Seagraves, Texas, district for BJ Serv- 
ice, Inc., Los Angeles subsidiary of 
Byron Jackson. He joined BJ Service 
upon his release from the Navy Air 
Force after World War II service and 
in 1951 was made division sales engineer 
working out of the Midland office. 









C. F. Vincent J. P. Magoffin 
» Joseph E. Foley, Jr., has been named 
manager of sales promotion and adver- 
tising, Edward Valves, Inc. Formerly a 
divisional advertising manager for the 
American Brake Shoe Company, Foley 
will be in charge of all advertising and 
promotional activities involved in the 
distribution of the company’s complete 
line of cast and forged steel valves. 


> Charles C. Sunderland, chief bridge 
engineer for the John A. Roebling’s Sons 
Company, has retired after more than a 


B. Birdsall 


C. C. Sunderland 


half-century of service. He will be suc- 
ceeded by Blair Birdsall, who has been 
assistant chief bridge engineer since 
1940. He assumes the position of chief 
bridge engineer after almost 18 years 
of service with the Roebling Bridge 
Division. A graduate of Princeton Uni- 
versity with a degree in engineering, he 
joined the engineering staff of the 
bridge division in 1934. 


> James E. Edelbrock has been ap- 
pointed manager of the Chicago factory 
branch of Gar Wood Industries. He re- 
places Ross Miller who has assumed the 
position of vice president and general 
manager of National Lift Company, 
Waukesha, Wisconsin, a subsidiary of 
Gar Wood Industries. Edelbrock, who 
attended Findlay College and Ohio 
State, formerly served in Gar Wood 
executive sales office and prior to this 
was sales manager and assistant mana- 
ger of the Ann Arbor Motor Company. 


p A. A. (Al) Ashton, designer of Emsco 
Derrick and Equipment Company’s 
first G series drill- 
ing rig, has been 
made chief engineer 
of the company. He 
joined Emsco in Los 
Angeles in 1936. In 
1943, he was pro- 
moted to chief me- 
chanical engineer, 


and in 1950 to chief &y 
engineer of Houston, ' 
Texas plant. A. A. Ashton 
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F. W. Row 


W. Cain 


} Frank W. Row, formerly of the South- 
west LPG sales group of A. O. Smith 
Corporation, has been appointed na- 
tional LPG sales coordinator for the 
company. He is operating as a member 
of the staff of group executive C. R. 
Rigby, general manager of Houston 
works. 

Will Cain has been appointed New 
Orleans, Louisiana, sales representative 
for the A. O. Smith Corporation. Cain, 
a 1948 graduate of the University of 
Texas, previously was a sales engineer 
on A. O. Smith’s Houston staff. He will 
handle process equipment, line pipe 
casing, industrial grating, and vertical 
turbine pumps in Southern Louisiana. 


>Dr. Paul D. Merica, executive vice 
president and a director, was elected 
president of The International Nickel 
Company of Canada, Limited, at the an- 
nual organization meeting of the board 
of directors. Thompson, who was elected 
chairman of the board of directors in 
1951, continues as chairman and chief 
officer of the company. R. Leslie Beattie, 
vice president and general manager of 
the company’s Canadian operations, 
Toronto, has been elected a member of 
the executive committee of the board 
and a director of the company’s U. S. 
subsidiary, International Nickel Com- 
pany. H. C. F. Mockridge, Q. C., of 
Toronto, was also elected to the execu- 
tive committee of the board. J. R. Gor-: 
don, assistant vice president, has been 
appointed to the further post of assist- 
ant:general manager. 

Ralph D. Parker, assistant vice presi- 
dent, has been elected vice president 
and a director of Canadian Nickel Com- 
pany. William F. Kennedy has been 
named secretary of the company, suc- 
ceeding Henry S. Wingate, who will de- 
vote his full time as vice president and 
a director of the company. 


> John W. Tucker, formerly sales mana- 
ger for Hall-Scott engines in Southern 
California, has been appointed manager 
of industrial engine 
sales for Cummins 
Service and Sales. 
Tucker has been 
connected with 
Hall-Scott for the 
last 23 years, the 
last four years as 
Southern California 
sales manager. Dur- 
ing this time he has 
been a pioneer in 
adapting multi-cyl- 
inder engines for use in the marine and 
petroleum industries. 






: > 


J. W. Tucker 


THE PETROLEUM ENGINEER, July, 1952 


>» A. R. McAllister has retired as mana- 
ger of the process equipment division 
of The Babcock & Wilcox Company at 
Barberton, Ohio. With the company for 
32 years, McAllister requested release 
from his duties because of poor health. 
Born and educated in Glasgow, Scot- 
land, McAllister came to this country 
and joined B&W in 1916. 


> J. R. Hutchison has been appointed 
regional manager for the Middle East 
for Worthington Corporation. Hutchison 
will manage Worthington’s activities in 
Cyprus, Egypt, Greece, Iran, Iraq, Israel, 
Lebanon, Syria, Trans-Jordan, and Tur- 
key. He has been with Worthington 18 
years. 


» A. J. Kerr, formerly vice president, 
meter and valve sales of Rockwell Manu- 
facturing Company, has resigned. Kerr 
is forming his own 
company to develop 
and sell products to 
the oil and gas in- 
dustry. A mechani- 
cal engineering 
graduate of Carne- 
gie Institute of 
Technology, he was 
formerly a director 
of the American 
Society of Mechani- 
cal Engineers. He 
has been associated with Rockwell for 
25 years. Offices of the new company are 
at 301 Farmers Bank Building, Pitts- 
burgh, Pennsylvania. Kerr represents 
T. D. Williamson, Inc., Tulsa, Okla- 
homa, and Peerless Manufacturing Com- 
pany, Dallas, Texas. 






a ’ 
A. J. Kerr 


>» George W. Brown has been named 
executive engineer of Wagner Electric 
Corporation. He has been with the com- 
pany since 1926, 
having joined as a 
student engineer fol- 
lowing his gradua- 
tion from Ohio State 
University. Return- 
ing to Wagner Elec- 
tric after his war 
service, Brown was 
appointed industrial 
relations director in 
complete charge of 
the company’s en- 
tire industrial relations work. He re- 
mained in this position until May, 1952, 
when he was appointed executive en- 
gineer and given the responsibility of 
general executive direction of the elec- 
trical engineering, automotive engineer- 
ing and metallurgical and chemical de- 
partments. 


G. W. Brown 


> Lester F. Cox has been elected execu- 
tive vice president and executive mana- 
ger of the Thermoid Company. Widely 
known in the rubber manufacturing in- 
dustry, Cox was named to the new posi- 
tion at a recent board of directors meet- 
ing at Thermoid’s Trenton headquarters. 
One year ago he was named senior vice 
president in charge of manufacturing 
and engineering for the company’s seven 
plants. A graduate of Ridder College, 
he has been with Thermoid for 22 years, 
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A. H. Knight G. S. Knox 

>» A. H. Knight has recently been ap- 
pointed manager, clutch division, Card- 
well Manufacturing Company, Inc., of 
Wichita, Kansas. Knight has had many 
years of experience in engineering and 
sales. He will direct the application of 
Cardwell “Flex-Disc” air friction clutch- 
es for all industries. 


> Granville S. Knox was elected presi- 
dent of the Hydril Company at the last 
meeting of the board of directors. His 
fertile brain is the incubator in which 
were hatched many of the unique prod- 
ucts manufactured by the Hydril Com- 
pany. He joined the company 16 years 
ago. 





R. Hortenstine, Jr. 


W. G. Sharp 


> Raleigh Hortenstine, Jr., has been 
named district manager of the Gulf 
Coast division of Continental Supply 
Company. Hortenstine goes to this new 
position from that of assistant district 
manager of the Louisiana Gulf Coast 
area. 

Noble A. Endicott, vice president, has 
acted in the managerial capacity being 
assumed by Hortenstine and this op- 
erational change will enable Endicott to 
devote full time to policy matters and 
sales promotional activities. 

W. G. Sharp, former sales representa- 
tive at New Orleans, has been named 
assistant district manager of the South 
Louisiana district, New Orleans. 


> Fred J. Ebeling has been promoted to 
a newly created post as general sales 
manager of the Dodge Manufacturing 
Corporation. He has 
been associated with 
Dodge of Misha- 
waka since 1943 
when he became 
credit manager of 
the corporation. 
Soon after he was 
elected assistant 
treasurer and later 
assistant secretary 
and treasurer. Ebel- 
ing was graduated 
from the University of Indiana. 





Pad 


F. J. Ebeling 
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Trade Personals 








W. T. Powell H. H. Glenn 


> Hugh H. Glen, president of Emsco 
Derrick and Equipment Company since 
1939, has been elected chairman of the 
board. William T. Powell, executive vice 
president, has been elected president. 
Powell has been associated with Emsco 
for the past 14 years. In 1942 he was 
elected vice president and placed in 
charge of manufacturing. Subsequently 
he directed both manufacturing and en- 
gineering activities of Emsco Derrick 
and Equipment. 


>S. C. “Sandy” McComb is the new 
western representative of the heavy ma- 
chinery division with headquarters in 
Vancouver, B. C., 
for Nordberg Manu- 
facturing Company. 
Born in Cardiff, 
Great Britain, where 
he received his 
early schooling, Mc- 
Comb entered Car- 
diff Technical Col- 
lege in 1919. Follow- 
ing his discharge 
S.C.McComb from the Royal Ca- 

nadian Navy in late 
1945, McComb went to Canada and be- 
gan the business partnership of Judson, 
McComb and Worrell in Vancouver, 
which specialized in diesel engines in 
the electric generating field. He retained 
this association until 1948 when he 
joined Simplex Engine Company. In 
1950 he was employed by A. R. Wil- 
liams Machinery Company. 


>T. R. (Ted) Fullinwider has been 
transferred to the 
home office of Mis- 
sion Manufacturing 
Company, Houston, 
Texas, as a member 
of the sales depart- 
ment. He has been 
with Mission for a 
number of years 
and before being ap- 
pointed to the Hous- 
ton office was sales 
representative in 
Corpus Christi. 








> Harold H. Hall, formerly general serv- 
ice manager, is now general manager, 
Cummins Diesel Export Corporation, 
with headquarters at Columbus, Indiana. 
Charles C. Sons, formerly eastern 
service manager, has been named acting 
general manager for Cummins Engine 
Company, succeeding Hall. Hall joined 
the Cummins service organization in 
1938. Sons, a 1941 graduate of the Uni- 
versity of Missouri, joined the Cum- 
mins research laboratory staff in 1947. 
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> Melvin F. Jones has been promoted to 
manager of the Gulf Coast area of U. 
S. Steel’s oil well supply division. 
Jones has served as manager of the 
division’s general sales staff at the Dal- 
las, Texas, headquarters since 1948. He 
succeeds F. D. Smith, manager of the 
Gulf Coast area for the past four years, 
who has been transferred to Dallas as 
assistant to the general sales manager. 
Frank M. Fitzgerald has been ap- 
pointed manager of the production plan- 
ning department of U. S. Steel’s Na- 
tional Tube Division. He succeeds James 
E. Smith, who has retired after 46 years 
of service with National Tube. Fitz- 
gerald joined National Tube in 1922. 
Charles H. Dickens, assistant plant 
manager at the Waco, Texas, plant of 
Universal Atlas Cement Company, a 
United States Steel Corporation sub- 
sidiary, has been appointed general 
chemist in the New York office. Dickens 
has been assistant plant manager at the 
Waco plant since 1948 and prior to 
that was chief chemist for 19 years. 


} Hamilton Migel has been named 2nd 
vice president in charge of engineering, 
a newlv created position, of Magnaflux 
Corporation. He was 
previously second 
| vice president and 
eastern manager. 
Roy O. Schiebel, 
Jr., currently mid- 
west manager of the 
company in Chi- 
cago, has moved to 
New York as. east- 
ern manager. He 
was previously man- 
ager of the West 
Coast and Midwest sales offices. Kermit 
A. Skeie will succeed Schiebel as Mid- 
west manager at Magnaflux’ Chicago 
sales offices. Skeie is a metallurgist, 
known throughout the Midwest. 





Hamilton Migel 


> Lester D. Chirgwin, vice president of 
Farrel-Birmingham Company, Inc., has 
been elected president of Consolidated 
Machine Tool Corporation, a subsidiary 
of Farrel-Birmingham. He _ succeeds 
Arthur H. Ingle, who has been president 
of Consolidated since 1924. Ingle will re- 
main on the board of directors of both 
Consolidated and Farrel-Birmingham 
and continue as corporation consultant. 
Chirgwin first came to Farrel-Birming- 
ham in 1914. 


> Ransom Cooper, Jr., has been ap- 
pointed manager of the nickel sales de- 
partment and H. D. Tietz manager of 
the Inco nickel alloys department of 
The International Nickel Company, Inc. 
They will function under Walter C. 
Kerrigan and L. R. Larson, who as 
general sales manager and assistant 
general sales manager, respectively, are 
responsible for both primary nickel and 
mill product sales of the company. 
Cooper came to International Nickel in 
1929. He has been assistant sales mana- 
ger of the nickel sales department for 
a number of years. Tietz joined the com- 
pany in 1931 as a salesman and has been 
assistant to the manager of Inco nickel 
alloys department since 1941. 
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wz 
J. D. Van Norden 


H. V. Beck 


> H. V. Beck has been named as applica- 
tion engineer of the American Meter 
Company. Beck assumes his new duties 
with a wide background in the field of 
measurement and control equipment. 
He has been with American Meter Com- 
pany for the past 16 years. 

John D. Van Norden has been re- 
cently added to the staff of the Atlanta 
sales territory of American Meter Com- 
pany as sales representative. Van Nor- 
den attended Yale University and was 
associated with United Engineering and 
Constructors, Inc., prior to becoming a 
member of the American Meter organi- 
zation. 


>J. H. (Henry) Brown has been 
appointed Mission 
Manufacturing Com- if 
pany sales repre- | 
sentative in the Rus- 
sell, Kansas, area, it 
has been announced 
by W. T. Campbell, 
executive vice pres- 
ident of Mission. 
Brown was former- 
ly associated with 


Continental Supply. , | — 
neces Mi. 





> Howard S. Bunn has been appointed 
president of Bakelite Company, a Divi- 
sion of Union Carbide and Carbon Cor- 
poration. Bunn has been vice president 
of Bakelite and Carbide and Carbon 
Chemicals, both divisions of Union Car- 
bide. He entered the Carbide organiza- 
tion in 1922 as a salesman of alloy 
specialties for the chemical industry. 
After several years as an advertising 
writer he became advertising manager 
for Carbide and Carbon Chemicals Com- 
pany. Later he became manager of the 
Pyrofax division of that company, and 
in 1944 he was appointed vice president 
of the plastics division of Carbide and 
Carbon Chemicals. Bunn was made vice 
president, plastics division, and vice 
president in charge of sales division for 
Bakelite in 1944. 


>» Jay Waldron has been transferred to 
Ken Corporation’s i 

offices at 40114 Villa yy 
Street, Bakersfield, 
California. Former- 
ly in the sales and 
service division in 
the Los Angeles and 
Ventura areas of 
Ken Corporation, 
Waldron will now 
be in charge of the 
San Joaquin Valley 
territory. 






Jay Waldron 








> Jack C. Webber has been appointed 

chief engineer for Oil Center Tool Com- 

pany. He comes to Oil Center Tool from 

the Atlantic Refin- 

ing Company where 

he was a mechanical 

engineer. He was 

graduated from 

.Texas A. & M. in 

: 1939, and employed 

by the Guiberson 

_ Corporation in Dal- 

, las from 1940 until 

1946. Webber re- 

cently presented an 

pap “Report 

on Gel Cementing” 

J.C. Webber at the Spring Meet- 

ing of the Southwestern District in 
Shreveport. 


> Bennet H. Burks has been named serv- 
ice engineer for sales and service of 
Black Magic and other oil base muds 
and additives manufactured by Oil Base, 
Inc. Burks will be permanently stationed 
at Odessa, Texas, under the direction of 
“Pete” Petross who is supervising Oil 
Base, Inc., activities in West Texas. 
Burks was graduated from Colorado 
School of Mines. 


> Robert F. Bourne has been named 
general sales manager of the Claymont 
Steel Corporation, subsidiary of The 
Colorado Fuel and pega 
Iron Corporation. ; 
Bourne is a gradu- 
ate of the Catholic 
University, and 
prior to joining 
CF&l, he was em- 
ployed as an en- 
gineer in the Bureau 
of Reclamation on 
the design of vari- 
ous dams and power 
plants in the west- 
ern area. 


R. F. Bourne 


> E. W. Koffman has been appointed to 
the sales staff of the industrial chemi- 
cals division of American Cyanamid 
Corporation’s New York district office. 
He formerly served as purchasing agent 
for the division and technical represen- 
tative for the petroleum chemicals de- 
partment. Koffman will assist in the sale 
of products of the petroleum chemicals 
department. 


> William F. Krueger, who for the past 
five years has been in charge of sales in 
the Houston district of Sperry-Sun Well 
Surveying Com- 
pany, has been pro- 
moted to general 
sales manager for 
the company. After 
graduating from the 
University of Okla- 
homa, Krueger was 
with the U. S. Bur- 
eau of Mines before 
joining Sperry-Sun 
in 1938. Quentin B. 
: Marsh, who joined 
Sperry-Sun in Illinois in 1948, has been 
promoted to the managership of Sperry- 
Sun’s Houston district sales department 
to replace Krueger. 


a 


”\ 


W. F. Krueger 
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> W. C. Snyder, Jr., president and chief 
executive officer of the Blaw-Knox Com- 
pany, has been elected to the additional 
post of chairman of the board of di- 
rectors. 


> Harry E. Lewis has been appointed 
executive director of the Industrial 
Mineral Wool Institute. The appoint- 
ment was announced by Glen J. Christ- 
ner, president of the association of 18 
manufacturers of mineral wool insula- 
tion in the United States and Canada. 
Lewis’ most recent position was that of 
general manager of the industrial sales 
department, Perlite Division, Great 
Lakes Carbon Corporation, New York 
City, New York. 








Trade Personals 


> William L. Wearly has been elected to 
the post of general sales vice president 
of Joy Manufacturing Company, in 
charge of all domestic sales including 
Canada and Mexico. Wearly joined the 
engineering department of Joy Manu- 
facturing in 1937. He was graduated 
from Purdue University in 1937. 





> Frederick C. Stakel is the new adver- 
tising manager for Aluminum Company 
of America. From 1947 to the present, 
Stakel has been manager of advertising 
and sales promotion for Brown Com- 
pany of Berlin, New Hampshire. He is 
a graduate of Ohio State University and 
the New York University Graduate 
School of Business Administration. 








Harrisburg drop-forged steel 
pipe flanges . . . manufactured to 
A.S.A. standards. 





[\ } 99 Years in Pennsylvania's Capital / 





arrisburg Steel 


CORPORATION 


To obtain more information on products advertised see page E-41 


HARRISBURG 7 
PENNSYLVANIA 


Harrisburg seamless steel pipe 
couplings...made to A... and 
A.LS.|. specifications. 


’ 


We shall be pleased to mail 
you copies of the Harris- 
burg Coupling and Flange 
Catalogs ... and quote 
prices ... Upon request. 
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BOOKS 


> Light Hydrocarbon Analysis, by O. W. Burke, C. E. Starr, 
Jr., and F. D. Tuemmler. Reinhold Publishing Company, 330 
West 42nd Street, New York, N. Y. Price, $15. Pages, 639. 


This volume includes all the analytical methods tested and 
compiled for the Office of Rubber Reserve by the Butadiene 
Committee on .~.cifications and Methods of Analysis. These 
methods includ€ discussions of butadiene production processes, 
specifications and test methods, sampling and handling, var- 
ious methods for analysis such as fractionation, use of ab- 
sorbents, mass spectrometer and spectrophotometric pro- 
cedures, and numerous phases of the subject which may be 
considered auxiliary to the main considerations in the field. A 
brief discussion of methods for evaluation of accuracy and 
precision of methods, the preparation of samples of known 
composition for test programs. An appendix of tabulated data 
on results of analyses of samples by various methods covers 
some 160 pages. 


> Selling To Industry, by Bernard Lester. Published by The 
Industrial Press, 148 Lafayette Street, New York 13, N. Y. 
Price, $3.50. Pages, 255. 


This compact, pocket-size treatise has been written with the 
purpose of listing practical ideas and suggestions for the sales 
engineer who wants to improve his methods of finding, con- 
tacting, selling, and servicing industrial customers. 

In this manual, the author points out in a brief and realistic 
way those key points which have, from experience, proved to 
be most effective. The book is written in the form of short, 
easy-to-read articles with such titles as: Prospects are Our 
Market; Just How Do Prospects Buy; Sales Program Essen- 
tials; Make the Sales Program Effective, and many others. 














Efficient, dependable pumps noted for endurance and 
high records of performance. They serve tank trucks, 
refineries, process plants and general industries — they 
will do an equally productive job for you. Series 3600 
pumps feature hardened helical pumping gears, high- 
lead bronze bearings, split packing gland, adjustable 
relief valve. Standard or special fitted models; pres- 
sures to 60 P.S.I.— capacities 40 to 300 G.P.M. 
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> Cooling Towers, by J. Jackson. Published by Butterworth 
and Company, (Canada) Ltd., 1367 Danforth Avenue, Torento 
6, Ontario. Price, $3.50. Pages, 101. 


This handbook is concerned mainly with mechanical-dravight 
water-cooling towers, found in industrial] plants of many kir:ds. 
The aim is to assist the non-specialist who may be called upon 
to deal with water-cooling draught towers, to understand how 
they work, how they can be designed, tested, and test datz in. 
terpreted. Since the design of water-cooling towers has noi al- 
ways been as successful as that of other types of equipment, the 
handbook covers such subjects as: Water as an industrial cvol- 
ing agent; methods of cooling water; design of mechanical- 
draught towers; the transfer unit method; gas-cooling towers. 
and testing methods. 


> Water Treatment for Industrial and Other Uses, by FEskel 
Nordell. Published by Reinhold Publishing Corporation, 330 
W. 42nd Street, New York, New York. Price, $12. Pages, 514. 


This reference work provides up-to-date information on the 
conditioning and treatment of water supplies for industrial and 
domestic uses. It deals with their impurities and the methods of 
treatment to fit them for the great variety of commercial and 
other uses. Chapters include: Water requirements; current 
water treatment practices in various industries; problems and 
practices relating to boiler feed waters and cooling waters; 
processes and equipment used in treating water; water-soften- 
ing processes; and chemical reactions and methods of analysis. 
Extensive tables of conversion factors and equivalents and other 
tabular data are provided. 


> Proceedings of Athabasca Oil Sands Conference, published 
by Board of Trustees, Oil Sands Project, Edmonton, Canada. 
Price, $2.50. Pages, 368. 


The Oil Sands Conference was arranged by the Alberta Gov- 
ernment for the purpose of studying the factors affecting the 
development of the Athabasca oil sands. The first part of the 
conference was devoted to the administrative and technical 
aspects of the problem, the second part to field examinations 
of the raw material and its possible separation. The technical 
studies included a review of the geology of the formation, pos- 
sible mining methods, oil separation from the sand, and refining 
of the oil and its transport. These proceedings were compiled 
from submitted manuscripts and from tape recordings, and are 
included in full, excepting for some of the names of delegates 
asking questions. 


>» Corrosion, Causes and Prevention, by Frank N. Speller. 
Published by McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York, N. Y. Price, $10. Pages, 664. 


This book in Third Edition, gives a comprehensive discus- 
sion of the theory of corrosion, along with practical descrip- 
tions of all the known methods of combatting corrosion. The 
first part of the book describes facts already known, and dis- 


- cusses the principles of corrosion testing. The second part ap- 


plies to those principles of corrosion prevention under condi- 
tions found in the air, underwater, and underground, in closed 
water systems, steam generators, steam and hot water heating 
systems, in the chemical industries, and in other situations. 
Also discussed are: Specifications for corrosion testing, prepa- 
ration of metal surface for coating, oxygen removal by chemical 
means, petroleum refinery problems, and rectified current ver- 
sus galvanic anodes. 


>» Guide to Geologic Literature, by Richard M. Pearl. Pub- 
lished by McGraw-Hill Book Company, Inc., 330 W. 42nd 
Street, New York 18, N. Y. Price, $3.75. Pages, 239. 


This book covers, by means of references to lists, indexes, 
and bibliographies, all published literature on geology from 
the earliest dates to recent material of vital significance to 
present discoveries and developments. Designed for the use of 
practicing geologists, mining engineers, librarians and re- 
searchers, and museum curators, the book gives details on the 
availability of literature, showing where to get it, how to get 
it, and whether it is free or to be purchased. The first part of 
the book outlines the problems and peculiarities of geologic 
literature. Part 2 discusses library facilities and methods in- 
volved in the use of the various types of geologic literature. 
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Books 


p A New Approach to Surface Chemistry and to Heterogen- 
eous Catalysis, by VW. A. Weyl. Published by School of Mineral 
Industries, Pennsylvania State College, State College, Pennsyl- 
vania. Price, $3. Pages, 318. 


It is the object of this treatise to formulate a basis for future 
discussions of a proposed atomistic interpretation of chemical 
reactions which involve solid surfaces, and to stimulate think- 
ing along unconventional lines. The fundamental aspects of 
surface chemistry, outline of a new approach to heterogeneous 
catalysis, crystal chemistry of defective structures, and other 
divisions are covered. 


» Petroleum Dictionary and Products Manual, published by 
the Petroleum Educational Institute, Dept. E, 9020 Melrose 
Avenue, Los Angeles, California. Price, $8. Pages, 502. 


This book is not only a dictionary, but also gives information 
on the fundamentals and applications of petroleum products as 
well. Much of the factual information about the use and appli- 
cation of petroleum products was obtained by the Petroleum 
Educational Institute during 16 years of research. 


The dictionary gives a simple, understandable definition of 
the many technical and semi-technical terms generally found 
in periodicals, books and other literature in connection with 
the application and use of petroleum products and much of the 
equipment utilizing these products, and what these tests mean 
to sellers, buyers and users of petroleum products. Included are 
definitions of hundreds of lubricating and other oils, more than 
a score of different gasolines, information about additives, 
and terms connected with the production of crude oil. 


>» The Memoirs of Herbert Hoover—The Cabinet and the 
Presidency, (Vol. 2). Published by The MacMillan Company, 
60 Fifth Avenue, New York 11, N. Y. Price, $5. Pages, 380. 


Herbert Hoover continues the story of his career, which be- 
gan with the Vol. 1, “Years of Adventure”. He discusses in this 
volume, first, his part in solving the problems that followed 
World War I—feeding Europe; an international league for the 
preservation of peace; disarmament, and reconstruction. He 
then tells of his work, during the Harding and Coolidge ad- 
ministrations as Secretary of Commerce. His election to the 
Presidency enabled him to carry out a broad program of con- 
structive policies for national development, which he describes 
in the last part of this volume. a 

Regarding Vol. 2, Mr. Hoover writes, “Every autobiography 
has a major justification. It presents the participation of an 
individual among forces and events, which, as recorded, con- 
tribute pieces of mosaic to the historian. From these pieces, the 
historian creates great murals of human experience—with the 
hope that they will illuminate the way of human progress.” 



















































> Principles of Geochemistry, by Brian Mason. Published by 
John Wiley and Sons, Inc., 440 Fourth Avenue, New York 16, 
N.Y. Price, $5. Pages, 254. 


The science of geology is intimately connected with other 
science, notably, physics and chemistry. The connection be- 

* tween the two is explained in this new book; also, geochemis- 
try’s vital place in nuclear research has suddenly put it in the 
forefront of scientific interest. This book interprets the facts of 
geochemical experimentation for presentation as a text book. 
The author presents a description of the physical and chemical 
evolution of the earth, the pre-geological history, utilizing new 
data on the abundance of elements and isotopes in earth and 
universe. Such questions as the geochemistry of igneous, sedi- 
mentary, and metamorphic rocks, the origin and evolution of 
the ocean, the role of organisms in the concentration and de- 
position of individual elements are discussed in detail. 


> The Oilmen, photographs by Thomas Hollyman. Published 
A Rinehart and Company, New York City, N. Y. Price, $1.50. 
ages, 96. 


The oil industry is pictured dramatically in this photographic 
book. through 174 pictures of men and women at work, tied 
together by a brief text. The story is about the men and women 
who find oil, get it out of the ground, move it to the refineries, 
and make and distribute more than 1000 products. The book is 
divided into 10 sections, each section beginning with a text 
block and a large photograph of an oilman, representing a 
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PIPING PAISY? 


If your power piping is cracking walls, loosening 
joints, playing hob with valves and ruining your 
disposition, it’s high time you straightened things 
out with 


BLAW-KNOX PIPE HANGERS 


These standard Hangers, Supports and Vibration 
Eliminators can be ordered and installed directly 
from technical information available in Catalog 
No. 51, with assurance that they will correct the 
faults which cause “piping palsy.” Any problems 
concerning thermal movement, weight of piping 
materials and hanger location have been solved in 
advance. Write for Catalog No. 51 today—no 
obligation. 


POWER PIPING DIVISION 
Blaw-Knox Construction Co. 
Pittsburgh 33, Pa. 


PIONEERS IN THE 


BLAW-KNOX DEVELOPMENT OF 


FUNCTIONAL HANGERS 
VIBRATION ELIMINATORS 
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@ Tough or easy-to-break emulsions...Hot or 
cold treatment...Large volume or small—Visco 
Field and Laboratory Service and Visco Chem- 
icals help you produce consistently DRY OIL. 


Your Visco Representative has facts and 
figures on Visco speed and economy that will 
interest anyone who wants to sell every tank, 
every time... 


VISCO PRODUCTS COMPANY 
INCORPORATED 
City National Bank Building © 
Houston 2, Texas 


whether you treat 
hot or cold,... 


“th Ui 
EMULSION BREAKER 


Service and Chemicals 


No matter where you are located, call 
Houston, CAPITOL 7300, collect, for 
fast action on your emulsion-breaking 


problems. 


NOTICE: Visco Products Company is authorized to manufacture and sell Visco Oil Treating Compounds for use in the breaking and resolving of oil emulsions, or to grant licenses for 
such use, under the following United States Letters Patent: 2,050,639; 2,060,640; 2,206,589; 2,214,783; 2,214,784; 2,225,189; 2,303,414; 2,307,813; 2,818,084; 2,818,035; 2,321,056; 2,335,554; 2,454 808; 
2,514,399. Visco Products Company is willing to grant licenses on a royalty basis, to oil companies, and to others desiring to practice the patented subject matter, under any and 4!! of 
the above Letters Patent, permitting the user to purchase the oil treating compounds at will from any vendor, or to prepare the compounds for use or to use the compounds under the 
above Letters Patent. Application for license should be made to: Visce Preducts Company, Houston, Texas 
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New Machinery and Supplies 


Use reply card to procure promptly 
complete information and prices of 


products described here in brief. 


Cirele corresponding letter or letters on reply card. 


(A) Chemical Porcelain 


Tufclad is the name given by Lapp 


Insulator Company, Inc., to its new line 
of chemical porcelain armored with 
fiberglass-reinforced plastic. All types 
of porcelain equipment, valves, piping, 
etc., is now available in the Tufclad 
line. The armor is applied in the form 
of multiple layers of heavy fiberglass 
woven cloth, impregnated with a special 
modified phenolic resin of high adhesive 
strength for bonding to porcelain and 
between layers of cloth. Advantages of 
Tufclad armor are said to include the 
fact that the resilient armor shell acts as 
a cushion to protect against impact dam- 
age in handling or operation—and in- 
sulates porcelain against thermal shock. 


Circle letter (A) on reply card. 


(B) Exeavator, Truck 


The new Gar Wood 75 standard and 


heavy duty 34-yd excavator and 20-ton 
truck crane, featuring power actuated 
drum clutches, direct right angle drive, 
optional hydraulic coupling, and the new 
Foundation Borer attachment, has been 
announced by the Findlay Division, Gar 
Wood Industries, Inc. Operated by di- 
rect, extra-sensitive manual controls, the 
Gar Wood uses the engine’s power to en- 
gage the heavy duty clutches. Com- 
pletely convertible in the field to shovel, 
crane, dragline, clamshell, trench hoe, 
or pile driver, the Gar Wood 75 is also 
available as a completely convertible, 
factory installed Foundation Borer. 


Circle letter (B) on reply card. 


Gar Wood 20-ton truck crane. 
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(C) Set-Up Accessories 

In addition to a complete line of strap 
clamps, J. H. Williams and Company 
has added T-slot bolts, nuts and flat 
washers , T-slot nuts, and set-up wedges 
to their line of set-up accessories. These 
accessories are used for setting-up work 
on planers, shapers, milling machines, 
and other similar applications. Williams 
T-slot bolts will not turn in machine 
table or break out machine table slots. 


Circle letter (C) on reply card. 


(D) Chain Hoist 

Chisholm - Moore Hoist Corporation 
announces the addition of a push button 
control model to their line of Comet 
electric chain hoists. This new model is 
now available in capacities from 250 
Ib to 2000 lb. Plug in operation from 
any single phase lighting circuit, 220 or 
440 power line. Regardless of voltage 
used, no more than 110 v pass through 
control station. 


Circle letter (D) on reply card. 
(E) Preeision Switehes 


A waterproof, snap-action switch in- 
corporating potted, waterproof terminal 
leads, and a hermetically sealed contact 
chamber has just been. announced by 
Micro Switch. This new design, type 
“4HS”, makes possible the use of pre- 
cision, snap-action switches at locations 
that are subject to immersion, which is 
of particular value for applications on 
marine and amphibious craft. 


Circle letter (E) on reply card. 


(F) Cementing Unit 

For the first time, BJ Service, Inc., is 
now offering a new cementing unit 
Model 110-ST. The new unit has been 
designed to develop the high pressures 
required for squeeze cementing, for cas- 
ing jobs in deep wells, killing wild wells, 
and similar operations. Pumps are 
Gardner-Denver duplex piston pumps 
with a pressure capacity of 6000 psi, 
which is obtained from two 337 cu in. 
Ford V-8 industrial engines. 


Circle letter (F) on reply card. 


(G) Flamometer 

The availability of the Phillips 66 
Flamometer has been announced by 
Phillips Petroleum Company. This new 
instrument is designed to detect, am- 
plify, and indicate electrical signals in 
the audio frequency range, generated by 
turbulent flames. Experimental as yet, it 
is expected to be an excellent tool for 
locating flame zones and boundaries. It 
consists of a detecting probe (ceramic 
tip supported by a metal rod) and an 
electrical circuit. No significant signal is 
registered unless the probe is in an 
actual flame zone that is both ionized 
and turbulent. Response time is of the 
order of a millisecond. Signal detection 
is not materially affected by the tem- 
perature of the detecting tip. The signal 
from the probe is fed to an electronic 
amplifier: with gain control, which al- 
lows the instrument to be used on dif- 
ferent types of flames. 


Circle letter (G) on reply card. 


New Flamometer available from Phillips. 












New Equipment 





















































(H) Degreasers (K) Splash Plate 
Strong whirlpool-like agitation of cold A new type of splash plate for protec- 
cleaning solvents loosens and removes tion of extension rods and crossheads in 
dirt, oil, grease, and chips from parts slush pumps is now being introduced by 
placed in the new Wirl Agitor cleaning the Oteco Equipment Company. As the 
units, according to the manufacturer, piston rod of the slush pump slides in 
Graymills Corporation. Parts are placed and out of the cylinder liner, mud and 
inside the heavy gage steel tank, in a abrasive substances may leak from the 
basket or heavy steel rack. The solvent is cylinder. If such injurious substances 
swirled in a powerful vortex, in, on, and reach the extension rod, damage to vital 
around the parts, cleaning them auto- power parts can result. Protection is 
matically while the operator is free to achieved by use of a disc-like splash 
handle other work. plate on the Oteco piston rod ham- 
Circle letter (H) on reply card. mer-up lock-nut, which is the lock nut 


connecting piston rod to cross-head. 


(I) Flame Control Circle letter (K) on reply card. 


Fighting fires at the molecular level 
by diluting the active ingredients of (L) Oil Field Kit 


flame, Grinnell’s new automatic Protec- A complete but simplified model oil 
to-Spray, gives quicker extinguishment field kit, which when assembled shows 
of fires, Grinnell Company reports. in complete detail the exploration, drill- 
When used in place of standard auto- ing, production, and storage of oil, is 
matic sprinklers for special hazard pro- being marketed by Models of Industry, 
tection such as high piled tire storage, it Inc., a Berkeley, California, firm. The 
reduces ceiling scorching and checks kit, designed for use by children of the 
fire spread with 30 per cent less water. Sth, 6th, and 7th grades, is technically 
Circle letter (I) on reply card. accurate and designed to scale, having 
been developed by the Standard Oil 
(J) Mobile Radio Company of California, who granted 
Bendix Radio, manufacturer of elec- manufacturing rights to Models of In- 
tronic equipment, has announced the dustry, Inc. The unusual kits contain 
introduction of a completely new line of all essential elements of a producing oil 
mobile communication equipment, which field including exploration parties, crew- 
will be known as the Command-Air ser- men, four trucks and jeeps, a drill der- 
ies. It will operate in the very high fre- rick, shothole drill rig, gravimeter opera- 
quency band and will be adaptable to tor, replica of a pumping well and a 
all VHF mobile applications. flowing well. 
Circle letter (J) on reply card. Circle letter (L) on reply card. 











Nicholson Steam Traps 


CUT HEAT-UP TIME 48% 


A A large processor recently reduced the heating cyles of cookers 

from 105 min. to 50-60 min., by substituting Nicholson thermostatic 
steam traps for a mechanical type. This effected a gratifying produc- 
tion increase of 37%. Reasons for Nicholson's faster heat transfer: 
operate on lowest temperature differential; 2 to 6 times average 
drainage capacity; maximum air venting. To learn why an increasing 
number of leading plants are standardizing on Nicholson thermo- 
static traps send for our catalog. 













Type AU Bulletin 152 
217 Oregon St. 


Wilkes-Barre, Pa. 


5 TYPES FOR EVERY APPLICATION, process, heat, 4 
power. Sizes 4%” to 2”; pressures to 250 Ibs. Type A © 


Ui NICHOLSON YW 


TRAPS -VALVES : FLOATS 
























To obtain more information on products advertised see page E-41 
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(M) Bearings 

What are claimed to be the world’s 
thinnest bearings, made with the preci. 
sion of fine watch parts, have been pro- 
duced by the Kaydon Engineering (Cor. 
poration. With an outside diameter of 
17.625 in. and an inside diameter of 
16.875 in., the cross section of the hear- 
ings, which weigh only 2 pounds, meas. 
ures .375 in. 

Other features have been embodied in 
many special Kaydon bearings. For ex- 
ample. flame-hardened bearing aces 
drilled, tapped, and gear-cut by the Kay- 
don process eliminate auxiliary parts. 


Circle letter (M) on reply card. 


(N) Ball Valves 

A new 14-in. ball valve of unique con- 
struction, recommended for working 
pressures up to 3000 psi, is announced 
by The Foxboro Company. Tight, posi- 
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tive shutoff is provided by a stainless 
steel ball that closes into a machined, 
conical seat. The ball, retained at the 
end of the stem, is free-rolling so that 
every closing brings a new surface into 
contact with the valve seat. Alignment 
of ball to seat is accurately piloted by 
a forged steel, union-type bonnet, fitting 
tightly to the body and assuring a cor- 
rect valve closure. 


Circle letter (N) on reply card. 


(0) Pressure Recorder 

The Dickson Company announces the 
development of a compact instrument for 
measuring and recording low pressures. 
Known as the Type 3-B Minicorder, this 
instrument is designed for chart records 
as low as 0 to 10 in. head of water pres- 
sure, with other chart ranges available 
to as high as 0 to 60 psig. (For higher 
pressure Type 3 Minicorder is recom- 
mended.) The Type 3-B is the latest 
addition to a comprehensive line of 
Dickson Minicorders. It is equipped 
with a 14-in. male bottom connection 
and easily replaces most dial gages. It 
provides a record of conditions, trends. 
and variations not otherwise available 
except by observation and manual tabu- 
lation. 


Circle letter (O) on reply card. 
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(P) Miniature Switches 

Precision miniature switches are now 
being manufactured that will open and 
close as many as 100,000,000 times. This 
was made possible by a new type of 
alloy known as Armco 17-7 PH (precipi- 
tation hardening) stainless steel. Drift 
characteristics of 17-7 PH stainless are 
reported to be superior to any other 
material tested. Switch life has also been 
lengthened because of the flexure en- 
durance of the metal. 


Circle letter (P) on reply card. 


(@) Plastic Material 


A new plastic material, possessing a 
high order of chemical resistance and 
capable of withstanding heavy mechani- 
cal loads and high temperatures, has 
been announced by The Richardson, 
Company. This new plastic, called 
Chemrok is expected to find a wide range 
of applications in the chemical and 
process industries, where the combina- 
tion of its high strength, chemical and 
heat resistance properties make it an 
ideal material for use in production 
equipment. 


Circle letter (Q) on reply card. 


(R) Hellowshaft Motors 

Recently added to the line of U. S. 
vertical motors are a series of single 
phase hollowshaft motors, types SCU-C 
and SCU-R. An improved and simpler 
method of disconnecting the starting 
capacitors has been initiated into this 
line of motors—namely, the accelerating 
type relay. Formerly a_ centrifugal 
switch, with its many moving parts and 
critical adjustment, was used. The U. S. 
single phase vertical motor is designed 
to provide maximum performance with 
positive relay operation over the widest 
variation in line voltage. 


Circle letter (R) on reply card. 


(S) Direct Recording 


A new 8-channel bridge balance, Type 
8-108, has been added to the Consoli- 











Mm 


- 


‘ dated family of recording measurement 
: instruments and is now available for 
. immediate delivery. Highly flexible, the 
. instrument may be used for direct re- 
y cording of the output of a wide variety 
‘ of strain gages and strain-gage type 
| pickups without the use of amplifiers. 
Used together with CEC’s 5-114 or 5- 
116 recording oscillographs, the 8-108 
offers a complete recording measure- 
. ment system capable of being operated 
by less-experienced personnel. 
‘ Circle letter (S) on reply card. 
‘ (T) Tractor Model 
.. Reo Motors, Inc., has a new tractor 
* model claimed by the company to be one 
“ of the lightest units on the road in its 
.. class. The new model is the F-23DT, a 
st high-speed truck-tractor powered by the 
if Cummins JBS-600 diesel engine. The 
d F-23DT has a gross tractor rating of 
" 50,000 lb and a 130-in. wheelbase. The 
It Cummins JBS-600 diesel engine de- 
4 velops 150 hp at a governed speed of 
le 2500 rpm, and 360 ft lb of torque at 
1 1400 rpm. Weight of the complete power 


plan is 1825 lb. 
Circle letter (T) on reply card. 
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(U) Power Valves 

Ledeen Manufacturing Company an- 
nounces the POV power operated valve, 
available in six sizes, suitable for air, oil, 


O Y 





and water operation with option of 
finger, cam, toe, or solenoid pilot con- 
trols. This power operated valve is es- 
sentially a standard four-way valve, but 
the rotation of the disc is accomplished 
by means of a piston moved by the op- 
erating fluid pressure of the main line, 
and controlled by small pilot valves suit- 
ably situated and actuated. 


Circle letter (U) on reply card. 


(V) Pipe Polishing 

An air-inflated polishing wheel is said 
to polish pipe ends (preparatory to join- 
ing) easier and safer and with no possi- 
bility of undercutting or grinding flats. 
Called the “Nu-Matic Grinder”, the 
wheel consists of a rubber drum 5-in. 
in dameter with a 314-in. surface. Drum 
is mounted on a flange with either a %4 
or 5%-in. arbor. The wheel can be used 
with any kind of power tool for any type 
of polishing job. Changing belts is quick 
and easy. Big feature of this type of 
wheel is its resiliency. The wheel is a 
product of Nu-Matic Grinders, Inc. 


Circle letter (V) on reply card. 


(W) Calculator 


A new coal tat base enamel quantity 
calculator, has been announced by Reilly 
Tar and Chemical Corporation. The cal- 
culator gives estimates for quantities of 
Enamel required in pounds per thou- 
sand feet and gallons per mile esti- 
mates on two grades of primer, and gives 
estimates for coupling compound re- 
quired for mechanical couplings on pipe 
of nominal size from 2 through 48-in. 
Information on quantities required for 
hand application of coal tar base 
enamels to irregularly shaped engineer- 
ing structures is given. 


Circle letter (W) on reply card. 


(X) Formaseal 

Formaseal, developed by Oil Base, 
Inc., is a special type of air-blown as- 
phalt that is mixed into the drilling mud 
to prevent loss of circulation. It can be 
used with any type of mud and forms a 
mat on the walls of the well. It plasters 
off porous formations while drilling is 
in progress. Formaseal, a black, granu- 
lar material, is soluble in crude oil and 
will not permanently plug the producing 
formation. With oil base mud or crude 
oil, Formaseal may be added directly to 
the mud stream, while circulating and 
prior to entering the anticipated lost cir- 
culation area, or it may be spotted in a 
“pill” after lost circulation has begun. 


Circle letter (X) on reply card. 


New Equipment 


(Y¥) Electrically-Heated Valves 

Okadee Company announces avail- 
ability of what are believed to be the 
first commercially successful electric- 
ally-heated valves. Designed to keep 
mechanisms clear of frost and ice in 
liquid carbon dioxide lines at tempera- 
tures as low as —110 F, many other ap- 
plications are being developed that in- 
clude both hot, cold, and viscous liquid 
and gas lines, as well as uses where 
heated valves have heretofore been eco- 
nomically impractical. All heated valve 
sizes from 2-in to 6-in. are available, 
with pneumatic, hydraulic, solenoid, or 
manual control. 


Circle letter (Y) on reply card. 


(Z) Aluminum Fastenings 

An expansion in the range of alumi- 
num fastenings produced as stock items 
is announced by The H. M. Harper 
Company. The recent additions to the 
Harper line of aluminum fastenings 
now make the range of fastenings car- 
ried in stock complete. The broadened 
aluminum line includes sizes and types 
of bolts, screws, self-tapping screws, 
nuts, washers, rivets, and accessories to 
meet practically any need. 


Circle letter (Z) on reply card. 


(AA) Push Valve 

King Engineering Corporation an- 
nounces the King self-closing push 
valve, for use in gas and air lines where 
manual control of an intermittent flow 
is required and where there must be no 
leakage through the valve or around the 
valve stem. Typical applications include 
use with hydrostatic gages and other 
instruments requiring a manually-con- 
trolled blast of air; use with single and 
multiple-pressure test stands; blowing 
out or purging of gas or air lines, and 
use with processing operations requiring 
an occasional shot of gas or air. The 
valve is opened by pressing a knob on 
the valve stem, and closes automatically 
when the knob is released. 


Circle letter (AA) on reply card. 


(AB) Synclinal Filters 

Marvel synclinal filters are now pro- 
duced for filtering water, Marvel Engi- 
neering Company reports. Sump type 
available in capacities from 5 to 100 
gpm and the lige type from 5 to 50 gpm. 
Monel mesh sizes from coarse 30 to fine 
200. No changes have been made in the 
basic design. Line types still operate in 
any position and may be serviced with- 
out disturbing pipe connections. 


Circle letter (AB) on reply card. 


(AC) Coupling 

The “Quikup!” stainless steel fitting, 
a new coupling designed to reduce as- 
sembly costs, and to permit use of less 
expensive, lighter-wall stainless steel 
tubing, has been announced by Peter 
A. Frasse and Company, Inc., and 
Cooper Alloy Foundry Company. Chief 
advantage claimed for the new fitting 
is that it can be joined to tube or pipe 
without threading, flaring, sweat-solder- 
ing, brazing, or welding. Coupling is 
completed by tightening a smal! screw. 

Circle letter (AC) on reply card. 
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New Equipment 


(AD) Dump Truck 

A complete new line of hydraulic 
dump truck body hoists and bodies fea- 
turing many outstanding design im- 
provements has been announced by St. 
Paul Hydraulic Hoist. The new St. Paul 
body hoists are said to feature the in- 
dustry’s lowest standard mounting 
height; advanced lifting point; etc. 


Circle letter (AD) on reply card. 


(AE) Pressure Testing 

Oil well tubing and casing for high 
pressure service can now be proof tested 
to 80 per cent of its yield strength at the 
Spang-Chalfant plant of The National 
Supply Company, it is announced. Tubes 
up to 50 ft in length and from 2% to 
95, in. outside diameter can be sub 
jected to pressures up to 10,000 lb per 
sq in. by new hydrostatic pressure test 
equipment. 

’ Circle letter (AE) on reply card. 


(AF) Mercury Switch 

Newly designed Honeywell mercury 
switches, embedded in plastic “potting” 
compounds for added protection, are an- 
nounced by Micro Switch, a division of 
Minneapolis-Honeywell Regulator Com- 
pany. Although standard glass-enclosed 
Honeywell mercury switches are suf- 
ficiently rugged for most switching jobs, 
the company pointed out that there are 
many applications that require addi- 
tional protection against mechanical 
shock, impact, or other hazards. 


Circle letter (AF) on reply card. 





(AG) Oil Filter 

A new type of oil filter, using a new 
principal operation, has been announced 
by the Permanent Filter Corporation. 
Known as “Filterall,” it features a per- 
manent filtering element, which elimi- 
nates the need for cartridge pack re- 
placements. This will not cause a loss 
of oil through absorption nor slow up 
passage through filtering element. 


Circle letter (AG) on reply card. 


(AH) Centrifugal Pumps 
Ingersoll - Rand Company announces 
that it has redesigned its line of hori- 
zontal, multi-stage centrifugal pumps 
for medium-pressure applications, in- 
corporating modern hydraulics that give 
higher efficiency and better operation. 
These pumps, called the Class CNTA, 
are intended for boiler-feed, mine de- 
watering, marine, refinery, and general 
industrial services to 800 lb. Units are 
built in 144, 2, 24%, and 3 in. sizes. 
Circle letter (AH) on reply card. 


(AI) Radio Communications 

Motorola’s communications and elec- 
tronics division has announced the avail- 
ability of a new line of radio communica- 
tions equipment operating in the 450- 
470 mc band. This equipment was de- 
signed to meet the demand of the many 
businesses, industries, and individuals 
who have found an urgent need for 2- 
way radio, but were unable to qualify 
under existing FCC regulations. 


Circle letter (AI) on reply card. 








ONE DAY'S OIL SAVING 
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MILWAUKEE 46, WISCONSIN 
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designed to prevent possible injury to workmen and providing 
complete protection against sand and dirt. This prevents wear to which 
outside yoke types are ordinarily subjected. 


WISCONSIN MOTOR 


To obtain more information on products advertised see page E-41 


The Wisconsin Air-Cooled Engine 
was’ chosen for this type of 
specialized service because of its 
dependability, the simplicity of design, heavy-duty service features, the 
easy access of operating adjustments and its weather-proof characteristics. 
An interesting accessory included in the starting unit here shown, is the 
heavy-duty, totally enclosed, positive action (at all speeds) Twin Disc 


WRITE TO HARLEY SALES CO. 
619 S$. MAIN STREET, TULSA, OKLAHOMA 
M & M BUILDING, HOUSTON, TEXAS 
$05 SOUTH MAIN ST., WICHITA, KANSAS 
Olt FIELD DISTRIBUTORS FOR WISCONSIN 
ENGINES AND ALL TYPES OF UTILITY UNITS. 
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(AJ) Panel Instruments 

The Foxboro Company has annowced 
its new Consotrol line of compact indi- 
cators, recorders, and controllers. The 
Consotrol line comprises four di 





tinet 
instruments, identified as Model 52. the 
fore-runner of the series, and Mode's 53, 


58, and 59, which may be used in a 
variety of combinations, depending on 
application requirements. The Model 52 
Consotrol controller features a 4-in. in 
dicating scale. Model 53 uses a full 4-in. 
strip chart to provide a 30-day process 
record. 

Model 58 is a new development in 
precision control, using a “floating disc” 
force-balance system, which permits ad- 
justing the proportional band from zero 
to infinity. Model 59 Consotrol controller 
is mounted directly on the valve motor 
to control liquid flow, thereby reducing 
the lag between controller and valve. 


Circle letter (AJ) on reply card. 


(AK) Fork Lift Truck 
Supplementing their new line of fork 
lift trucks is gasoline model FT30-15 
and diesel powered model FTD30-15 
now being manufactured by the Buda 
Company. Rated at 3000 lb capacity at a 
15-in. load center, Buda’s two new 
models are styled with all parts being 
completely functional. Model FT-30-15 
is powered by Buda’s four cylinder, 49 
hp gasoline engine model 4-B-153. 


Buda’s model FTD30-15 is powered by a 


Buda diesel engine. 
Circle letter (AK) on reply card. 
































AND PREVENTS 
BOILER SCALE AND 


CORROSION 

Safe 

Certain Simple 
Use Ounces Only 

Once a Week! 


SAND: BANUM | 


SPECIAL 


TABLETS REMOVE AND 
PREVENT RUST AND SCALE 
INALL RADIATOR COOLING SYSTEMS 

LONGER ENGINE LIFE 
Only 1 Tablet in Radiator 
to ea. 6 gals. of water. 
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fous 











' 
Co 





























Tr 





New Equipment 






































(AL) Gate Valve (AN) Panel Beard Packaging (AQ) Fishing Magnets 
A new R-P A unique method of packaging panel- Bowen King- 
and C valve, No. boards has been introduced by the ston fishing 
‘90 bronze solder Trumbull electric department of General magnets are 




















end gate valve, Electric. The new method, which has used to retrieve 
4 was announced already been put into practice, calls for all types of 
’ recently by the packaging panelboard components in small objects 
i Reading-Pratt three separate cartons . . . one contain- having mag- 
1 and Cady Divi- ing the box and interior, another the netic attraction. 
d sion, American front, and a third containing 20 TQL such as bit 
, Chain and Cable plug-in breakers. cones, slips, 
; Company, Inc. Circle letter (AN) on reply card. milling cut- 
S An all-purpose tings, tong pins, 
gate valve, the (AO) Roller hammers, etc. 
; No. 90 is ideal Whitney Chain Company has intro- These odd- 
| for hot and cold duced a special roller chain incorporat- shaped undrill- 
r water lines or ing oil-impregnated sintered metal bush- able objects 
D low pressure steam. This R-P and C ings. The new Whitney oil-impregnated gather at the 
. bronze gate valve provides full, unob- sintered bushing chain, requiring little bottom of the 
. structed service flow...has a sturdy, or no lubrication, was designed by Whit- hole as a result 
3 amply-sectioned body that will not dis- ney Chain to satisfy this recognized need of tool failures 
tort; nor will its seat warp under for a chain drive that would operate and milling 
soldering temperatures. efficiently where conventional lubrica- jobs or are ac- 
Circle letter (AL) on reply card. tion is either not possible or desirable. oe 4 
-o ed down the 
. (M) Downflow Purifier Circle letter (AO) on reply card. pole.  o 
) Dirt, moisture, riser discharge, and (AP) Flashing Lantern jects cannot be 
7 solids are removed before passing on to The Justrite Manufacturing Company engaged in any 
. the distribution piping when D. U. An- has introduced a new safety red flash- conventional 
. derson, Inc’s., new internal downflow ing lantern for use in all Class I, Group manner and in 
r purifier is installed in an auxiliary tank D hazardous locations as well as other many instances 
g immediately above evaporators, packed spots requiring a warning or marking can be engaged 
: towers, deodorizers, stills, bubble-cap light. This portable, battery-powered and retrieved 
towers, etc, the company reports. Called lantern, Model 2146-S, houses a red lens . ; _ only with mag- 
: internal downflow Hi-ef purifiers, they and a sliding switch assembly control- netic attraction. It consists essentially of 
. serve numerous functions, depending ling two bulbs. One position of the a body, a non-magnetic stainless steel 
upon the application. switch produces a steady red beam. sleeve, and permanent magnets. 


Circle letter (AM) on reply card. Circle letter (AP) on reply card. Circle letter (AQ) on reply card. 
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Trade Literature 


Publications will 
be sent free. 


(AR) Centrollable Pump 


Aldrich Pump Company has a new 
Data Sheet 65A describing applications, 
features, design, and operation of Ald- 
rich-Groff “Powr-Savr” controllable ca- 
pacity pumps. Data sheet includes sec- 
tional and dimension drawings, ratings, 
and a diagrammatic layout of the Ald- 
rich type “A” automatic hydraulic 
stroke-control system for boiler feeding, 
oil burner supply, and similar applica- 
tions. “Powr-Savr” pumps are plunger 
type employing a mechanism that con- 
trols length of plunger stroke. 


Circle Letter (AR) on reply card. 


(AS) Steel Castings 

Standard specifications for more than 
70 designated classes of steel castings 
are incorporated in a comprehensive new 
summary chart compiled by Steel Foun- 
ders’s Society of America. Intended to 
serve as a reference aid to design en- 
gineers and purchasing department en- 
gineering staffs, the newly prepared 
chart covers pertinent data on virtually 
all general engineering types of steel 
castings, together with recently adopted 
specifications, and some revisions of 
previous specification standards. Essen- 
tial information included in the simpli- 
fied tabular listings includes types of 
heat treatment, chemical compositions, 
and mechanical properties of varying 
specifications. 


Circle Letter (AS) on reply card. 


(AT) Protective Gloves 

A new catalog showing how to choose 
the right protective glove for the job 
has been announced by the Pioneer Rub- 
ber Company. The Pioneer processed 
neoprene, Stanzoil gloves are highly re- 
sistant to the damaging effects of oils, 
greases, solvents, acids, caustics, and 
other materials and solutions used by in- 
dustry, the company reports. The gloves 
are reported to be soft and flexible, with 
minimum interference with work. They 
do not become stiff or flabby; do not 
crack, and are odorless. 


Circle letter (AT) on reply card. 


(AU) Steam Traps 

W. H. Nicholson and Company has 
isswed a new 12-page bulletin, No. 152, 
which features steam traps equipped 
with bellows of bronze, monel, or stain- 
less, and bodies of bronze, semisteel, and 
cast steel construction in sizes 14 to 2 in. 
They may be used for all pressures for 
vacuum to 300 lb. Included are capacity 
tables, dimensions, recommended piping 
diagrams, typical applications, tables, 
and data covering the selection of 
various types of steam-using equipment. 

Circle letter (AU) on reply card. 


E-48 


(AV) Wire Television 

A new 4-page bulletin just off the 
press describes the new Model 300-B 
Diamond “Utiliscope” wired television, 
developed by Diamond Power Specialty 
Corporation. A complete Utiliscope in- 
stallation consists of a camera, a small 
power unit and the monitor or viewing 
unit. The whole installation weighs only 
133 lb. The image dissector is a cold 
cathode camera tube that is guaranteed 
one year. Lens equipment is available 
according to need. The power that op- 
erates the dissector tube and sends the 
signals to the monitor over a three lead 
co-axial cable is supplied from 8 or- 
dinary vacuum tubes. 


Circle letter (AV) on reply card. 


(AW) Turbine Vane Pump 


For pumping hot and cold, clear and 
vaporous liquid, in moderate capacities, 
against medium or high heads, Peerless 
Pump Division, Food Machinery and 
Chemical Corporation has recently intro- 
duced a complete line of. self-priming 
and standard design turbine vane type 
pumps. A description is contained in an 
11-page bulletin available from the com- 
pany. The designation Type TVE is 
given to the line of pumps close-coupled 
to face mount electric motors; the desig- 
nation Type TVB is given to the line of 
flexible-coupled electric drive pumps. 
Pumps in both lines are available with 
or without the self-priming device. 


Circle letter (AW) on reply card. 


(AX) Stainless Steels 


The corrosion resisting properties of 
the austenitic chromium-nickels stain- 
less steels is discussed in a 32-page bul- 
letin published by the International 
Nickel Company, Inc. The bulletin car- 
ries 18 tables showing the results of tests 
on numerous austenitic stainless steels 
in various solutions, acid, neutral, and 
alkaline. It covers the mechanism of cor- 
rosion resistance in stainless steels, fac- 
tors affecting their corrosion, their be- 
lavior in various corrosive environ- 
ments, etc. 


Circle letter (AX) on reply card. 


(AY) Flow Meter 


A new catalog now ready for distribu- 
tion describes variable-area flow meters 
with newly developed precise, economi- 
cal, tapered metal metering tubes. This 
publication discusses Fischer and Port- 
er’s Armored Flowrator meters, which 
are designed for both high temperature 
and high pressure and for use where 
liquid hammer and hazardous fluids 
make ordinary meters impractical or 
dangerous. Besides containing complete 
data on many types of Armored Flow- 
rator meters, this new catalog devotes an 
entire section to meter extensions and 
extension combinations. 


Circle letter (AY) on reply card. 


(AZ) Welding 

Eutectic Welding Alloys Corporation 
has published a 2-page leaflet describ. 
ing its new manual of design and weld. 
ing engineering. The new manual. 4th 
edition, has been enlarged to 72 packed. 
full-of information pages containing 
latest, revised data. The manual con. 
tains 62 new photographs, 132 new 
drawings. The booklet discusses the ad- 
vantages of various methods of heating. 
designs for welding steel, fluxine and 
removal of flux, and heat-treatine of 
welded parts and welding of heat-treated 
parts. 


Circle letter (AZ) on reply card. 


(BA) Seale Catalog 

A new 28-page condensed scale cata- 
log No. 11 has just been released by 
The Howe Scale Company. It is de- 
scribed as a handy reference featuring 
the most complete line of modern scales 
for every industrial need. It includes a 
selection of a thousand popular standard 
Howe scales weighing from 1/64th of an 
ounce to 400 tons. A compact edition of 
Howe’s complete catalog of 200 pages, 
the new condensed scale catalog includes 
complete specifications, spot illustra- 
tions, and essential information. A sim- 
ple index makes it easy to find any scale. 


Circle letter (BA) on reply card. 


(BB) Drilling Fluids 

Reprints from a paper “Emulsion 
Drilling Fluids”, by Doyne L. Wilson, 
research director, Oil Base, Inc., are 
now available from the author. The 
paper was delivered at the Third World 
Petroleum Congress held at The Hague, 
June 1951, and is one of the most com- 
prehensive studies of oil emulsion muds. 
It is done in booklet form, and contains 
numerous drawings, charts, and tables. 


Circle letter (BB) on reply card. 


(BC) Graphitization 

A 12-page booklet just published by 
Edward Valves, Inc., comprehensively 
discusses the graphitization phenomena 
encountered in systems operated at ele- 
vated temperatures in the power and 
processing industries. Profusely illus- 
trated with photomicrographs of metal- 
lurgical specimens illustrating — the 
graphitization process, the booklet also 
contains eutectic diagrams and graphs 
illustrating the effect of temperature, 
time, and other variables on graphiti- 
zation. 

Circle letter (BC) on reply card. 


(BD) Temperature Control 
Illinois Testing Laboratories, Inc., has 
released an 8-page bulletin, describing 
the Alnor Pyrotac, a new temperature 
control unit that automatically monitors 
up to 20 individual temperature points 
a minute, and gives instant and accurate 
readings on temperature variations 
within any phase of heat processing. 
This unit can be used in almost any op- 
eration where heat is involved. The 
motor-driven switch unit can be obtained 
separately, providing a simple way t¢ 
convert present manually operated py- 
rometer systems to automatic operation. 


Circle letter (BD) on reply card. 
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(BE) Steel Cutting 

“Oxygen Cutting of Defense Equip- 
ment Materials” is now available as a 
reprint (Form ADR 78) it was an- 
nounced by Air Reduction Magnolia 
Company, a division of Air Reduction 


Company, Inc. This article, which 
originally appeared in “The Welding 
Journal” is designed to be of assistance 
in the development of specifications and 
procedure control for the proper, eco- 
nomical, and accurate cutting of various 
kinds of steel used for defense equip- 
ment materials. 


Circle letter (BE) on reply card. 


(BF) Water Measure 

The application of Speedomax elec- 
tronic pH recorders and L&N electrode 
assemblies for the measurement of de- 
hydrator-water pH is now described in 
an extensively revised 12-page bulletin 
just issued by the Leeds and Northrup 
Company. Featuring installation pic- 
tures and a diagram showing method of 
application, the new publication pre- 
sents equipment which enables refinery 
operators to keep a close check on pH 
simply by glancing at the indicating 
scale of a Speedomax instrument. At the 
same time, a detailed.pH record is 
drawn on a moving chart. 


Circle letter (BF) on reply card. 


(BG) Mechanical Tubing 

The many advantages that accrue to 
manufacturers through the use of tubing 
in the production of hollow precision 
parts are outlined in a new data card 
published by the Tubular Products Di- 
vision of The Babcock and Wilcox Com- 
pany. In addition to pointing out the 
savings in time and costs that come 
through the use of seamless cold-drawn 
carbon steel mechanical tubing for the 
production of such parts, the bulletin 
presents tables of tolerances and me- 
chanical properties of such tubing. 


Circle letter (BG) on reply card. 


(BH) Wire Rope 

Wire Rope Ton-Mile Chart folder. 
available from A. Leschen and Sons 
Rope Company, explains and illustrates 
how to determine wire rope ton miles 
and evaluate rotary drilling lines. En- 
larged charts show effective weight of 
drill pipe. tubing, and drill collars in 
drilling mud, as well as ton-miles per 
round trip per effective weight of pipe. 


Circle letter (BH) on reply card. 


(BI) A-C Motors 

An 18-page bulletin now available is 
E-M Publication No. 1113, Application 
of Large A-C Motors, a reprint of a 
paper presented at the AIEE section 
meetings in Oklahoma City and Tulsa, 
klahoma recently. Written by G. L. 
Oscarson, chief application engineer for 
Electric Machinery Manufacturing Com- 
pany, this article is a discussion of the 
characteristics of large a-c motors which 
fit them to industry requirements. The 
18-paze booklet covers the highlights of 
synchronous motors, induction motors. 
and motor control. 


Circle letter (BI) on reply card. 
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(BJ) Boilers 


Henry Vogt Machine Company has 
issued a new bulletin covering its 2-drum 
boilers. The 14-page bulletin is profusely 
illustrated with diagrams, pictures, and 
drawings. A wide variety of industrial 
plants and other users of steam for 
power, processing, or heating use these 
2-drum type boilers, and places of in- 
stallation as well as type of instrument 
used are shown in the booklet. 


Circle letter (BJ) on reply card. 


(BK) Vegetable Oleic Acid 

A technical bulletin describing the 
new, unique vegetable oleic acid, Emer- 
sol 240 Vegetable Elaine, is available on 
request. This booklet contains a discus- 
sion of its main features, (1) all vege- 
table origin, (2) excellent oxidation sta- 
bility, (3) unusually bland odor, as well 
as specifications, composition, and ap- 
plications. Also included are charts il- 
lustrating its oxidation stability as com- 
pared to other Emery oleic acids and 
ordinary grades, and the solubility of 
both potash and soda soaps. Emery In- 
dustries, Inc. 


Circle letter (BK) on reply card. 


(BL) Low-Mount Winch 

Gar Wood Industries, Inc., describes 
its low-mount winch on a 2-page leaflet 
now available from the company. The 
low-mount winch is said to fit under a 
standard platform body, leaving all of 
the body available for pay load. It is 
also ideal for use under the front of a 
tank or under the rear seat of a 7-man 
utility cab. The winch allows maximum 
ground clearance, when mounted at rear 
of chassis frame. The rope is used for 
direct pull from rear or it can be passed 
forward under the body and then used 
for loading the body. 

Circle letter (BL) on reply card. 


(BM) Protective Coatings 

A new general catalog covering the 
entire line of Prufcoat protective coat- 
ings has just been made available for 
general distribution by the manufac- 
turer, Prufcoat Laboratories, Inc. Sub- 
jects of wide interest in the catalog in- 
clude a list of chemical agents against 
which Prufcoat has been found effective, 
case history studies of five different types 
of applications in as many different in- 
dustries. The entire back page of the 
catalog is devoted to a listing and brief 
description of the physical and protec- 
tive qualities of all eight Prufcoat 
products. 


Circle letter (BM) on reply card. 


(BN) Polystyrene Plastics 

The availability of a new illustrated 
technical data bulletin on Styrofoam has 
been announced by The Dow Chemical 
Company. The attractive 20-page book- 
let gives the general properties of this 
expanded polystyrene plastic, and also 
the current applications of the material, 
including low temperature insulation, 
buoyancy, floral, and decorative fields. 
In addition, the booklet explains some 
of the fabricating and finishing tech- 
niques used with Styrofoam. 


Circle letter (BN) on reply card. 


Trade Literature 


(BO) Casing Head 

The National Supply Company’s Type 
“DT” casing head is described and pic- 
tured in a four-page folder just issued. 
The head is designed to seal off a single 
string of casing in wells of medium 
depth and pressure where an independ- 
ent tubing head is used to support the 
tubing. A full-color cutaway drawing of 
the casing head is supplemented by a 
table showing the wide range of sizes in 
which it is available. 


Circle letter (BO) on reply card. 


(BP) Motor Case History 

Over 100 case histories of outstanding 
applications of Life-Line motors are de- 
picted in a new 35-page booklet avail- 
able from the Westinghouse Electric 
Corporation. Picked from the more than 
34 million Life-Line motor applications 
in existence today, these case histories 
represent practically every phase of in- 
dustry. Most of the histories are illus- 
trated — either with photographs or 
sketches—and each gives the particular 
application problems involved, the motor 
choice for the job, and the results. 


Circle letter (BP) on reply card. 


(BQ) Induction Motors 
Construction features, ratings, and 
dimensions of Allis-Chalmers open drip- 
proof (Type AP) and _ splash-proof 
(Type APWW) squirrel-cage induction 
motors in ratings of 14 to 100 hp are de- 
scribed in a new bulletin released by the 
company. According to the bulletin, the 
motors are available with many special 
modifications such as totally-enclosed, 
vertical mounting, flange mounting, and 





_multi-speed construction. 


Circle letter (BQ) on reply card. 


(BR) Controllers 


Eight types of the Model 40 con- 
troller, which make this instrument so 
widely used in industrial process appli- 
cations, are described in a new 32-page 
bulletin issued by The Foxboro Com- 
pany. The eight basic types are single 
action, dual, duplex, auto-selector, ratio, 
relation, pneumaticset, and time sched- 
ule. Thus, with its standard specifica- 
tions, or available modifications, every 
Model 40 instrument can be specifically 
engineered to its application, whether 
controlling temperature, pressure, flow, 
pH, conductivity or some other process 
variable. 


Circle letter (BR) on reply card. 


(BS) Motor Graders 

A new, illustrated Maintenance Guide 
for No. 12, No. 112, and No. 212 Cater- 
pillar motor graders has been released 
by the Caterpillar Tractor Company. 
The 24-page, cartoon-type, 4-color 
pamphlet points out that 99 per cent of 
all Caterpillar motor graders are still 
at work and then goes on to explain that, 
despite quality and maximum service, 
life of the motor grader depends upon 
care given by its operator. The sketches 
and text then detail various adjustments 
that may be made, cautions to be taken 
in servicing, etc. 


Circle letter (BS) on reply card 
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National Steam Generator in West Texas making 
steam for “U” Type Condenser located in wood 
treater. 


National Steam Generator in Western Nebraska 
furnishing heat to tank coils to treat oil and keep 
storage at pipeline temperature. 











National Steam Generator in California handling 
460 bbls. of 12° API Gravity crude per day at 170 
outlet temperature. 
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National Steam Generator in Utah keeping produc- 
tion in stock tanks at 110°. Crude is 37° gravity 
with pour point of 90°. 


NATIONAL HORIZONTAL STEAM GENERATORS 
(142 PSI) 


GENERAL SPECIFICATIONS 


Heat Cap. Rating 
Btu/Hr. Model 


250,000 B26 

500,000 B37 

750,000 B310 
1,000,000 B312 
1,300,000 B410 
2,000,000 B415 


Approx. Shipping 
Weight 


1150# 
3200# 
3400# 
3600# 
4600# 
6180# 


NATIONAL 


TULSA, 


The National Low Pressure Steam Generating 
Heaters are built and stamped in accordance with 
the latest edition of the ASME Low Pressure Heat- 
ing Boiler Code. Standard accessories include the 
Code-required low water shutdown. Steam Gen- 
erators may be had with or without removable 
firetubes. There are many other sizes than those 
listed at left which are available on request. 


NK COMPANY 
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OKLAHOMA 


REGISTER and VOTE — it’s YOUR country 
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EVERYWHERE THE COMPASS POINTS 


Oil men dig wells in the doggondest places. 
But, where there’s oil, there’s Halliburton— 
ready to perform the same high quality of 
service that has made it leader in its field. 

“Uniform quality of service regardless of 
location” was established 27 years ago as an 
ironclad Halliburton policy. Whether routine 
work or extreme emergency, big job or little, 
Halliburton will get there somehow—by 
wheel, wing, or water. Call Halliburton for 
Necessary, Economical Well Services—every- 
where the compass points. 


HALLIBURTON 
OIL WELL CEMENTING CO. 
OUNCAN, OKLAHOMA 
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PP he prevention of excessive evaporation P 
losses of petroleum products during 
storage has long been of pee eee Ps 
to the petroleum industry. losses 
have adverse effect on not only tity 
but also on the quality of and 
other petroleum products as well. DR 
Al 
U 
Above: Hortonsphere used to store butane s) 
at the Warren Petroleum Corporation's 
Norsworthy, Texas terminal. 





Dependable, positive protection agains! 
evaporation loss is provided by the Horton 
ta shown here. The Hortonspheres K 
above are being used to store butane 
under pressure. Tanks of this type are | 
— primarily for pressure storage 0 
of more volatile hydrocarbons. The D 
Horton Double-Deck Rieating Roof tanks 
at the left are being used for the storage 
of gasoline. In these tanks, the floating 

rests directly on the liquid—reducing 
evaporation, corrosion and fire hazard. 
— design, fabrication and — U 

ee AAO BE levies of tanks and steel plate structures is ol- 

Above: Two 23a Double- fered to the worse! se industry by our 

Deck Floating Roof ‘tanks used to store oe 
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. : experienced engineering staff, plants an Sl 
a ctage ss agg g the eee Petro- field crews. Whenever you need steel struc- 
2 a . > 

eum Corporation at Vernon, California. tures of any type, write our nearest office Gt 


for complete information and quotations. 
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Plants in BIRMINGHAM, CHICAGO, SALT LAKE CITY and ANIA FO 
Atianta 3............ -++:0+.2174 Healey Bidg. errr 1538 Lafayette Bidg. Philadelphia 3. .1635—1700 Wainut Street Bidg- _ 
Birmingham 1............ 1570 North Fiftieth St. DE arindcncwoseeevees ocean 402 Abreu Bidg. San Francisco 4............. 1564—200 Bush St. A 
SET Uiecceceoucs 1028—201 Devonshire St. eer 2137 C & I Life Bidg. Seattie 1 1329 Henry Bldg. n 
Cs wbacceveccouwe 2481 McCormick Bidg. Los Angeles 17...1546 General Petroleum Bldg. _ | SS aes 1634 Hunt Bidg- ED 
Cleveland 15.............. 2251 Guildhall Bidg. New York 6......... 3373—165 Broadway Bidg. Washington 6, D. C. 1136 Cafritz Bldgs rd 
REPRESENTATIVES AND LICENSEES: 
Horton Steel Works, Limited, Fort Erie, Ontario, Canada Comprimo N. V., 21, Amstel, Amsterdam (C) Netherlands 
Ateliers et Chantiers de la Seine Maritime, Paris, France Compagnia Tecnica Industrie Petroli, Rome, Italy Tk 
Constructions Metalliques de Provence, Arles-sur-Rhone, France Whessoe, Limited, Darlington, England Ps d 
Chicago Bridge & Iron Company, Ltd., Apartado 1348, Caracas, Venezuela Motherwell Bridge & Engineering Company, Limited, Motherwell, 5<otlan 


Sociedade Chibridge de Construcoes Ltda., Av. Franklin Roosevelt, 194-S-704-C, Rio de Janeiro, Brazil 
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CANADIAN OIL 
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Dean Terrill 
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Stewart L. Rankin 
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William H. Farrand 
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APPLICATION OF AUTOMATIC CONTROLS 
TO WELLS AND TANK BATTERIES IN 
THE EAST TEXAS AREA ete 
Harry Pistole and Bruce M. Sullivan 


UNSUCCESSFUL WATER FLOODS __ . 
F. F. Wright 


SEISMOGRAPH INTERPRETATION AS 
RELATED TO CHANGES IN 
SEDIMENTARY SECTION _. 

John Daly and C. N. Page 


AN INTERPRETATION OF SOME CURRENT 
inst ‘RESEARCH IN SECONDARY RECOVERY 
rton H. G. Botset 
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George H. Reneau 


ting 
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i NEW TOOL... saree 

—_ T. H. Philpott 
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REFINING AND GAS PROCESSING 


COOLING WATER TREATMENT 
W. F. Oxford, Jr. 

SHELL EXTRACTIVE DISTILLATION PROCESS 
FOR RECOVERY OF HIGH-PURITY 
AROMATICS _ .. uebiers oc eS Ee 
C. L. Dunn and G. E. Liedholm 

ELECTROLYTIC REGENERATION OF 
TREATING SOLUTIONS 
Oliver J. Zandona and Charles W. Rippie 

STABILIZATION OF HIGH GRAVITY 
CONDENSATE AND PRODUCTION 
OF NATURAL GASOLINE ___ in 
Lawton L. Laurence and Charles W. Hayes 

METALS AND COATINGS TO COMBAT 
CORROSION _...... bs eA RGA SG 
H. F. McConomy and J. J. Hur 

HOUDRIFORMING AT LOW PRESSURE _. 
J.C. Dart, A. G. Oblad, J. W. Schall 

FLUID HYDROFORMER AT DESTREHAN . 


James E. Seebold, J. W. Bertetti, J. F. Snuggs, and J. A. 


LOW TEMPERATURE GASOLINE PLANTS 
Charies W. Hayes 

EXCAVATING UNDERGROUND LPG STORAGE 
R. L. Loofbourow 

PLANT AIDS eee 

ANALYTICAL METHOD ____. 


Determination of Aromatics 


OIL AND GAS PIPELINING 


PRODUCTS TERMINAL DESIGN AND 
bog Yh |: nr a if 
Ralph B. Rodgers and Spencer A. Hallberg 

— RICAL PRESSURE INSTRUMENTATION 
M. J. Dabney 

“- — IN PIPE LINE PUMPING 

~ c. Fae 

DEVELOPMENTS IN PIPE LINE 
COMMUNICATIONS _._.____.. 

V. J. Sittel 

LINE PIPE . 
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Editorial 





E ACH year our Editors sift the mass of petroleum literature for 


papers of high reference value. Their selections comprise the editorial 


content of this, the Reference Annual number. 


Most of the papers chosen herein have a lasting reference value on 
’ subjects of immediate and future interest to those engaged in the oper- 
ating branches of the industry. 


An important objective is to give the information contained in the 
papers selected as wide dissemination as possible among our readers 
and so aid in furthering the adoption and application of new and 
improved methods that will lead to greater operating efficiency in the 
oil industry. 


With each passing year, operations in the different branches of the 
industry become more complex and varied. This means increased 
effort on the part of operating personnel to keep abreast of develop- 
ments. There is also the fact that an increasing proportion of oil in- 
dustry operations are technical and semi-technical in nature. The re- 


sult is an increasing trend toward specialization. 


The accelerated pace of development and change in every branch 
of the oil industry in recent years has brought the need for up-to-date, 
reliable, authoritative information that will aid in day-to-day opera- 
tions. It has also rendered increasingly difficult the task of selecting 
papers for inclusion here. This is to be expected when it is realized 
that development and change are the result of continuing application 


of well organized research to the solution of problems. 


It is the hope of the Editors that the selection of papers here pre- 
sented will prove a valuable addition to the readers’ file of informa- 
tion, a file that can be referred to frequently and be an aid in the 
course of his daily operations. This annual number will have achieved 
its purpose if the use of the papers presented leads to an improvement 


in operating procedure and to greater efficiency in the oil industry. 
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When considering - 
air-cooled heat 
exchanger equipment, 
compare the 
advantages of a 
Fluor-GR Fin-Fan. Make comparisons 
of structural simplicity and flexibility. 
Compare the exclusive features of the 
Griscom-Russell K-Fin section, the rugged 
yet precision design of Fluor mechanical 
equipment. Check proven performance 
in such varied services as gas transmission 
systems, petroleum refineries, light 
hydrocarbon processing plants, chemical 
processing plants, and power and industrial 
plants. Before you buy or specify, 
compare the Fluor-GR Fin-Fan. A Fin-Fan 
provides more exclusive design features 
—features that add up to efficient, 
dependable performance—than any 
other make of air-cooled heat exchanger. 
Write for Fluor Bulletin No. FF-4. 






eeee eee 

















THE FLUOR CORPORATION, LTD., 2500 $. ATLANTIC BLVD., LOS ANGELES 22, CALIF. 
New York, Chicago, Pittsburgh, Boston, Tulsa, Houston, San Francisco, Birmingham and Calgary 


Represented in the Sterling areas by: 
Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, E.C.1., England 


make your own comparison... 


a Fluor-GR Fin-Fan 


against any other air-cooled heat exchanger 





* structural design 
Structurally, the Fin-Fan is the 
ultimate in simplicity and flex- 
ibility. Its ‘‘truss-type’’ design 
provides a rugged, vibrationless 
unit, free of extraneous parts. 
Uniform prefabrication of parts, 
with bolt holes and orientation 
incorporated in basic design, 
permits easy extension without 
shut-down of existing units! 


1c 


Fluor mechanical equipment is 
ruggedly designed to meet spe- 
cific heat transfer requirements. 
4 basic gear units cover 4 dif- 
ferent and distinct horsepower 
ranges. This, coupled with a 
choice of fan assemblies ranging 
from 8’ to 20’ in diameter, with 
4 or 6 blades per fan unit, en- 
ables the proper combination of 
gears and fans to effect optimum 
efficiency. 
























































K-Fin features 

G-R K-Fins are tension-wound 
for moderate tempefatures, rolled 
into grooves for elevated tem- 
peratures. Threaded header plugs 
provide quick, easy access to 
tube ends for cleaning or re- 
placement. Plugs are shoulder- 
tight to form a leakproof metal- 
to-metal joint at all pressures, 
independent of thread tightness. 


ee ee 
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The World Oil Situation’: 





Stumbling blocks to continued sufficient petroleum 


supplies are political rather than geological, says 


this sharply discerning report on industry problems 


A LARGE and important part of the 
world is hidden from any study of the 
world oil? situation. I should like to dis- 
cuss the world’s present needs and how 
they are supplied, then look forward to 
the prospects for supplying future 
needs. I shall not attempt to look 
through the Iron Curtain..I shall limit 
myself to what, thank God and with 
some reservations, we can call the free 
world. My subject, then, is oil for the 
free world’s needs. 


Oil Is Indispensable 


The subject is important, because we 
must have oil. Life as we know it rests 
on the multiplication and replacement 
of muscular energy with mechanical en- 
ergy. Oil and its companion natural gas 
today supply more than one-half the me- 
chanical energy we use in the United 
States. Sustained use of mechanical en- 
ergy would be impossible without lubri- 
cants, of which oil is virtually the sole 
source. Fluidity is the key to our econ- 
omy—free and rapid movement of peo- 
ple and things— and most of our fluidity 
is supplied by fluid fuels, all of which 
come from oil. Without oil we could not 
live as we have learned to live. 





_ tPresented before the Commonwealth Club of 
California, San Francisco, April 11, 1952. 
*Oil and gas consultant, Washington, D. C. 


MAX W. BALL* 


Oil Use and Living Standards 


What’s more, we must have it in 
abundance. The more oil people use the 
better they live. The countries in which 
the common man uses the most oil are 
the countries in which he has the most 
to eat and wear, hears the most music, 
sees the most movie and television shows, 
goes farthest on his vacations, and earns 
the most goods in the fewest hours of 
work. If cleanliness is akin to godliness, 
they are also the most righteous; they 
are the countries in which people use 
the most soap. 

Oil consumption per person and the 
standard of living go hand in hand. We 
needn’t argue about which is the chick- 
en, which is the egg. The significant 
thing is that the two go together. 

Pick at random four or five countries 
over the free world. Compare their oil 
consumption per person and their na- 
tional incomes per person. You will find 
that the two keep step. In 1950, for 
example, the use of oil per person in 
the United States was 15 bbl, in Sweden 
4, in France 2, in Italy less than one, 
and in India and Pakistan less than one- 
tenth. The national income per person 
in the United States was $1848, in 


1“Qil’ as used herein includes all the petro- 
leum fluids and their products. 
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Sweden $865, in France $624, in Italy 
$280, and in India and Pakistan $74. 
That’s not a coincidence, it’s a rule; 
average use of oil and average income 
rise together. - 


Greater Strength Against 
Communism 


We should rejoice, therefore, that per 
capita use of oil is increasing rapidly 
throughout the free world. Rising na- 
tional incomes increase the free world’s 
ability to resist communist aggression 
from without; rising standards of living 
lessen the dangers of communist dif- 
fusion within. And, as we have seen, 
national income, standards of living, 
and per capita use of oil go hand in 
hand. Consider, then, the significance of 
these figures: In the four years from 
1946 to 1950, per capita use of oil in- 
creased 22 per cent in the United States, 
60 per cent in India and Pakistan, 88 
per cent in Sweden, 140 per cent in 
Italy, and 145 per cent in France. Free 
Europe? as a whole used two and one- 
third times as much oil in 1950 as in 
1946. Think what a strengthening this 
represents against communism from 
without and within! 





2The United Kingdom and Jugoslavia are 
omitted, for wholly different reasons. 
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Size of the Oil Job 


Supplying such an ever-growing de- 
mand for oil is a stupendous job. The 
world uses 30 times as much oil as it 
did at the turn of the century. In 1951 
it used four billion four hundred million 
barrels, more than 12,000,000 bbl a day, 
most of it in the free world. To meet 
these needs oil is found and produced 
in more than 30 countries, transported 
over land and sea, refined into a thou- 
sand useful products, and distributed 
wherever people need it, in the cities, 
towns, hamlets, and remote homesteads 
of the world. More tons of oil move to 
more places, by more diverse means of 
transportation, than of any other single 
commodity. 


The Industry That Does It 


Such a job could not be done except 
by a gigantic, vigorous, and well- 
financed industry. In the United States 
and Canada the industry is made up of 
thousands of explorers and producers, 
hundreds of refiners, hundreds of trans- 
porters, tens of thousands of distribu- 
tors, and 40 to 50 great integrated com- 
panies engaged in exploration, produc- 
tion, transportation, refining and distri- 
bution. Fluidity is a characteristic: New 
companies are coming in, small compa- 
nies becoming big, big companies losing 
ground in the race for markets. Compe- 
tition is keen and constant. The result 
is vigor, vitality, and growth. 

Abroad, where the reach must be 
longer and the financial sinews stronger, 
less than a score of great integrated 
companies have the field pretty much to 
themselves. Some exploration, some re- 
fining, and more distribution is done by 
smaller units, but in the main the busi- 
ness is done by the giants of the indus- 
try. Only a giant could perform a task 
so great, so far flung, and so complex: 
A task requiring such an accumulation 
of talents and resources. 

One of these great companies is Brit- 
ish, one of the largest and ablest is 
British and Dutch, one—a minor giant— 
is French; the rest are American. 


Nationalized Oil Industries 


One other group of. participants 
should be mentioned, chiefly because of 
their conspicuous lack of success. The 
few countries that have nationalized 
their oil industries have shown rather 
eed how not to find and produce 
oil. 

Russia’s original store of oil was prob- 
ably comparable to that of the United 
States. In 1900 and 1901 she was the 
world’s leading oil country, producing 
more than the United States. Since then 
her annual production has multiplied by 
3, that of the United States by nearly 
30. In 1901 she produced more than 50 
per cent of the world’s oil; in 1951,she 
produced 61% per cent. 

In 1921 Mexico was in second place 
among the world’s producers. She pro- 
duced nearly 23 per cent of the world’s 
oil and 41 per cent as much as the 
United States. In 1951 she produced less 


A-42 


than 2 per cent of the world’s supply 
and less than 4 per cent as much as the 
United States. 

Argentina’s progressive nationaliza- 
tion has failed to produce enough oil for 
lier needs. Iran, the latest country to 
nationalize, has got nowhere fast. 

These countries, be it noted, took over 
strong established industries — going 
concerns — built by foreign know-how 
and foreign capital. Even with such a 
start they failed to keep pace. As for 
the countries that have nationalized be- 
fore they had oil industries, they still 
have no oil industries worth mentioning. 


Why Governments Don’t 
Find Oil 

The reasons for these sorry records 
require no discussion of political theory ; 
they are inherent in the science and art 
of oil exploration. Finding oil is an art 
as well as a science; it contains a large 
factor of judgment. The most oil is 
found in the shortest time, therefore, 
when the greatest number of diverse 
judgments is applied to the search; 
when wildcatters are numerous enough 
for one to drill what the others condemn. 

Wildcatters stayed out of Cuyama 
Valley in droves until Frank Morgan led 
in Richfield. Signal Hill had more ad- 
verse opinions than acres before Alvin 
Schwenneson persuaded Shell to drill. 
The Scurry County reef of Texas was 
drilled, considered dry, and largely 
abandoned by one of our largest and 
ablest companies, before another com- 
pany moved in and discovered the big- 
gest field found in the United States in 
20 years. We owe nearly every field 
in the country to competitive explora- 
tion, to somebody’s drilling where others 
wouldn’t. 

A monopoly, whether public or pri- 
vate, has but one set of judgments. What 
that set of judgments decides not to 
drill isn’t drilled. A monopoly is un- 
likely to find the Cuyama Valleys and 
Signal Hills and Scurry counties. 

A government has the further handi- 
cap not shared by private monopolies: 
The odds are too long for a government 
official to take. In the United States, 
where nearly 10,000 geologists and geo- 
physicists aid in the search, only one 
wildcat out of 9 seeking a new field gets 
oil or gas; the other 8 are dry holes. 
What government official would dare 
risk his official neck on one chance in 
9? How long would he keep his official 
head if the first 6 or 7 or 8 wells were 
dry? A monopoly is the poorest known 
instrument for finding oil, and of all 
monopolies a government monopoly is 
the poorest. 

If I were to paint a sign for the peo- 
ple of a country with oil possibilities, 
this is what I would paint: “If you want 
to keep your oil in the ground, let your 
government hunt for it.” 


Meeting the Iranian Loss 
Thus private industry, competitive, 
vigorous, and resourceful, does nearly 
all of the huge job of supplying the 


world with oil. Its vigor and resource. 
fulness — and its competitiveness — are 
shown by what happened when the o1::- 
put from Iran suddenly ceased last June. 

The sudden cutting off of 650,000 hh] 
a day has deprived no one in the free 
world of oil. Crude oil production in 
Kuwait and Saudi Arabia has increased 
600,000 bbl a day in the past year. Crude 
and refined products from Venezucla 
and refined products from the United 
States have moved into markets for. 
merly supplied from Iran. A sea of oil 
from other countries has closed over the 
place when Iranian production went 
down. 

Even the loss of Abadan, the world’s 
largest refinery, has caused no serious 
shortage of refined products. Fortu- 
nately, a large increase in European re- 
fining capacity was already under way, 
financed partly by the industry and 
partly by ECA. The throughput of exist- 
ing refineries in Europe, the Middle 
East, and the Western Hemisphere has 
been increased. The loss of Abadan is 
scarcely felt today, except by its owners 
and the Iranians. 

The cold truth is that as soon as Iran 
ceased production her competitors 
moved promptly and vigorously to oc- 
cupy her markets. If her production 
could be resumed tomorrow, it would 
have a long, tough fight to regain its 
former outlets. Some of them it might 
never regain. 


Plenty of Oil in the Ground 


Thus the world continues to be sup- 
plied, as it has been supplied for more 
than 90 years, with all the oil it needs. 
How long can its great and growing 
appetite be fully satisfied? 

The answer must be given in two 
parts, one geological and one political, 
one clear and the other cloudy. The 
geological part is easy and positive: 
Plenty of oil is in the ground for the 
world’s growing needs for many years 
to come. 

Such a statement may startle you, if 
you have listened to the prophets of 
doom, the Jeremiahs who for 50 years 
or more have cried that we are about 
to run out of oil. You need not take 
my word for it that they are wrong, 
that plenty of oil is still in the ground. 
I can cite the highest authority. 


The National Petroleum Council is a 
body created by the Secretary of the 
Interior to advise him on oil matters. 
Its membership represents every seg- 
ment of the industry, functional and 
geographic, from the drilling contractor 
and service station operator to the head 
of the biggest worldwide company. In 
December 1950 the Director of the De- 
partment’s Oil and Gas Division asked 
the Council to study and report on fu- 
ture supplies of oil. On the committee 
created by the Council to make the 
study, with its sub-committees and their 
panels, the cream of the industry’s talent 
served: Geologists, geophysicists, pro- 
duction engineers, economists, account- 
ants, and practical oil men. The com- 
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mittee spent more than a year on its 
study. Its report was unanimously ap- 
proved by the Council on January 29, 
1952. It envisioned an increase in the 
free world’s productive capacity from 
12,000,000 bbl a day in January 1951 
to between 14% and 16,250,000 bbl a 
day by 1955, an increase of 20 to 35 per 
cent in 5 years. 

Did the report predict that the free 
world’s oil reserves could provide such 
an increase, and the further increases 
that will follow? Let me quote from it: 

“Granted a continuation of rea- 
sonable economic opportunity and 
incentive, the major finding of our 
studies can be stated in one sen- 
tence: Available supplies of oil in 
the United States and the world are 
greater than ever before, are still 
increasing rapidly, and may be 
counted upon in abundance for the 
foreseeable future.” 

During the same period the highest 
and most competent Government author- 
ity, the United States Geological Survey, 
made a separate and similar study and 
reached a similar conclusion. 

You can ignore the Jeremiahs, the 
calamity howlers, the spokesmen for 
competing fuels, and the advocates of 
a planned economy; there is plenty of 
oil in the ground for a long time to 
come. 


Political Barriers to Its Availability 


It’s a long, long road, however, from 
the oil in the ground to oil found, pro- 
duced, transported, refined into needed 
products, and distributed for world-wide 
use. The stumbling blocks along that 
road are not geological; they are politi- 
cal. Some of them are more than stum- 
bling blocks; they come nearer to being 
road blocks. Among the blocks are ex- 
cessive taxation at home, excessive exac- 
tions by countries where oil is produced, 
doors closed to exploration, and insecur- 
ity of investment. 

Did you notice the qualifying phrase 
in what I read you from the National 
Petroleum Council report? Supplies of 
oil may be counted upon in abundance, 

granted a continuation of reasonable 
economic opportunity and incentive.” 
Those are not casual words; they ex- 
press grave concern. Reasonable eco- 
nomic opportunity and incentive can not 
be taken for granted. 


Excessive Taxation at Home 


An industry that this year will pro- 
duce more than five billion barrels of 
oil, transform it into usable products, 
and distribute them throughout the free 
world must have a huge capital invest- 
ment. An industry expected to grow be- 
tween 20 and 35 per cent in 5 years 
must invest further huge sums to expand 
its capacity. 

The European refinery expansion pro- 
gram already mentioned, when com- 
pleted in 1954, is expected to have cost 
more than a billion dollars. British-con- 
trolled companies made capital invest- 
ments of more than three billion dollars 
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in a single recent year. From 1946 
through 1950, thirty American oil com- 
panies increased their capital invest- 
ment more than eleven billion dollars. 
The total postwar investment in oil 
facilities through 1955 will exceed sub- 
stantially this country’s contribution to 
European recovery under the Marshall 
Plan as administered by ECA. 

Such sums are not birdseed, to be 
picked up off a window ledge; they 
must come from somewhere. Histori- 
cally, a substantial part of the funds for 
expansion has come out of earnings. No 
small part of the industry’s growth has 
been due to its policy of ploughing earn- 
ings back into the business. Taxation at 
present levels threatens the continuation 
of this policy. It also threatens to dry 
up the sources of venture capital from 
which new funds might be obtained. 

It has not slowed down exploration in 
the United States. Individuals and cor- 
porations in the high tax brackets, not 
previously in the oil business, have put 
substantial sums into wildcatting, hop- 
ing to translate their successes into capi- 
tal gains and to have Uncle Sam bear 
the greater part of their losses through 
reduced income taxes. They have filled 
the gap in the exploration program that 
high taxation of the established oil com- 
panies might otherwise have caused. 

Such funds are not available, how- 
ever, for major exploration and expan- 
sion outside the United States, or for 
expansion in development, refining, 
transportation, or distribution in the 
United States. They provide only a small 
fraction of the new investment needed, 
at home and abroad. 

The new high rates have been in effect 
for a comparatively short time. As yet 
they have not curtailed expansion. It is 
hard to believe, however, that if long 
maintained they will not impair the in- 
dustry’s ability to plough back earn- 
ings, impair its ability to raise new 
funds, and thus impair its ability to 
meet needs for more and more oil. 


Excessive Exactions Abroad 


Excessive taxation at home provides 
an obvious excuse for excessive exac- 


tions by countries where the oil is pro- 


duced. It’s easy to understand King Ibn 
Saud’s complaint, not long ago, that his 
country, which supplied the oil, was get- 
ting less revenue from it than the gov- 
ernment of the United States, which 
didn’t provide a penny toward finding, 
producing, or marketing it. 

It’s easy to understand, too, why the 
company that had risked millions in 
finding and developing the oil did some- 
thing about it; why it “voluntarily” 
made a new agreement that will prob- 
ably cost it $40 or $50 million this year 
and more in the year ahead. A company 
producing oil in a foreign country is at 
the mercy of the government thereof; it 
can’t pick up its oil fields and move them 
to somewhere else; it agrees to what the 
government wants or else. Nowadays, as 
we shall see, it can expect little or no 
support from its home government. 





Thus the history of oil operations abroad 
is spotted with so-called voluntary new 
agreements, each more exacting than the 
one it replaced, and each lessening the 
economic incentive to find and produce 
more oil. 

Some countries have killed the goose 
that laid the golden egg, or have chased 
it out of the country, or have starved 
and harrassed it till its egg-laying days 
are over. Other countries have merely 
reduced its diet, and thereby reduced 
the number of eggs it will lay hereafter. 


Even Venezuela, so often pointed to as 
a shining example, is underfeeding her 
golden goose. Thanks to liberal treat- 
ment when her oil industry was young, 
Venezuela is now the world’s second 
largest oil producing country. The pass- 
ing years have seen the exactions grow, 
partly by new “voluntary” agreements, 
partly by new legislation and regulation. 
Increased royalties, artificial pricing of 
royalty oil, under-allowance for trans- 
portation, compulsory refining of oil in 
the country, adverse currency restric- 
tions, special and general taxation — 
these have all added to the industry’s 
cost. Although Venezuela’s present gov- 
ernment is one of the fairest with which 
oil men deal, wells are not being drilled 
that should have been drilled, and in 
some fields wells are being abandoned 
because they can not pay their way. Oil 
that should be produced is staying in the 
ground. If and when world productive 
capacity exceeds world demand, Vene- 
zuelan oil will lose markets because of 
its artificially high costs. 


The 50-50 Formula 


Venezuela is the originator of the 
famous 50-50 formula. The formula has 
caught the fancy of politicians wherever 
oil is produced, including the fancy of 
our own State Department. It postulates 
that the government of the country in 
which the oil is produced should get half 
of the profits of the company that pro- 
duces it. It’s a catchy-sounding formula 
—and it has no economic justification, 
as only a little thinking will show. 


Where a profitable industry is well 
established, with the hazards behind it 
of exploring a new country for oil and 
finding markets for its output, 50 per 
cent of the profits may be fair enough; 
it may even be too low. Our own gov- 
ernment takes more than 50 per cent of 
the profits of most oil companies, and 
except on public lands it lacks the ex- 
cuse of owning the oil in the ground as 
most foreign governments do. When oil 
must be sought in remote areas, where 
producing, transportation, refining, and 
distribution facilities must be provided 
for the oil that is found, and where a 
place for the oil must be found in com- 
petitive markets, then 50 per cent of the 
profits may be prohibitive. This applies 
to unexplored areas in countries like 
Venezuela, as well as to countries not 
yet explored. 

The 50-50 formula contains no magic. 
The sooner politicians forget it, and con- 
sider each case on its economic merits. 





A-43 














the better the prospects will be for ade- 
quate supply of oil for the free world. 


Closed Doors 


Too many doors are closed to oil ex- 
ploration by the people who know how 
to find oil and have the resources to do 
it. Whether the doors are closed by 
nationalization or by prohibitive require- 
ments and restrictions is immaterial; 
too many for the world’s good are closed 
or virtually closed. In some countries the 
door is open a crack; in some the back 
door is slightly ajar; but the kind of ex- 
ploration the world needs isn’t likely to 
creep in through a crack or slip in 
through the servants’ entrance. So long 
as things remain as they are, adequate 
exploration is unlikely or impossible in 
such countries as Brazil, Argentina, 
Chile, Colombia, Mexico, Austria, Italy, 
Turkey, or Egypt, all of which have 
geologic promise. 

Nothing can be done about this, ex- 
cept to pray that time and increased wis- 
dom will open these doors before the 
world’s needs become acute—and per- 
haps to further our prayers with the ex- 
ample of success and fair dealing else- 
where. Where no contract violation is 
involved, we have no right to try to tell 
any sovereign state how it should go 
about finding and producing its oil. The 
best we can do is to continue to demon- 
strate a fact already amply demon- 
strated: That countries that permit ex- 
ploration by American countries lose 
none of their sovereignty, and that their 
treasuries and their people benefit 
greatly thereby. 


Problem of Security 

Now we come to the last and greatest 
of all deterrents to foreign exploration: 
Insecurity of investment. 

Developing oil in new territory re- 
quires great risk of great capital invest- 
ment. When oil is found, neither the risk 
nor the need for funds is over. In most 
new countries, many years go by and 
many millions are invested before the 
enterprise begins to pay; many more 
years go by before it achieves economic 
security. The inherent risks of finding 
oil and finding a market for it are great 
enough; no one is likely to incur them 
except in the hope of great reward. No 
one takes such risks if he thinks that 
somewhere down the road lurk other 
risks; risks that his enterprise or part of 
his reward will be taken from him. If 
undue political risks are added to geo- 
logic and competitive risks, the sum of 
the risks becomes too great; oil explora- 
tion becomes unattractive. 


lran’s Blow to Confidence 


Iran dealt foreign exploration a hard 
blow last year, as Mexico did a quarter 
of a century ago. The confidence of the 
oil world and the investing world has 
been badly shaken. A company had in- 
curred the risk of exploring for oil in an 
unknown part of the world, had suc- 
ceeded in finding it, had developed mar- 
kets for its output, and by investing new 
capital and ploughing back earnings 
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had built one the world’s great enter- 
prises. It was paying the Iranian 
treasury about $40,000,000 a year and 
had offered to pay nearly 70 per cent 
more. It was operating under a contract 
negotiated under the auspices of the 
League of Nations, approved by the 
Shah, and ratified by the Majlis with- 
out dissent. 

Then the government declared the 
contract cancelled and took over the 
property. The only compensation offered 
the company was payment for its prop- 
erty from the proceeds of a fraction of 
its production. 

The company says its contract was 
cancelled and its properties confiscated 
without legal process. The government 
says nationalization is always legal; that 
a government has a basic right to con- 
demn any property for public use, a 
right that it can not contract away. We 
need not join in the argument. The 
significant fact is disputed by neither 
party: A year ago the company had a 
contract and a going enterprise; today 
it has neither an enterprise nor a con- 
tract. 


Where Is Invesimeni Safe 


That happened in Iran within the 
year. Where may it happen next? It can 
happen in any country that has not 
grown up enough to recognize the 
sanctity of its contracts, a recognition 
basic to honesty and fair dealing among 
men. 

What countries have reached such 
political maturity? By their fruits ye 
shall know them. What oil producing 
countries, or countries with major oil 
possibilities, otherwise open to oil ex- 
ploration, have never broken a contract 
with an oil company, or forced a revision 
of such a contract to the company’s 
detriment? 

The list is short. I can think of only 
a few countries that, without stretching 
charity too far, belong on it: The United 
States and Canada, India and Pakistan, 
perhaps Burma, and possibly Afghani- 
stan. Before long it may be possible to 
add Israel to the list. Though small, the 
country has geologic promise; its gov- 
ernment is elected by universal suffrage 
and appears stable and trustworthy; it 
seems headed toward a petroleum law 
that will open the country to competitive 
exploration by all qualified comers. 

The criterion I have used to arrive at 
that list may be too severe. Some of the 
contracts that have been revised may 
have needed revision; they may have 
been unfair to the host countries; little 
coercion may have been needed to bring 
about their revision. Those are easy con- 
clusions to reach after the risks have 
been taken and the result has been suc- 
cess instead of failure. Let’s give the 
countries the benefit of the doubt, how- 
ever, and try another criterion. 

We may assume, may we not, that no 
government is mature and stable if it is 
not based on the uncoerced will of its 
people; that a government not so based 
can not be depended on for permanent 





observance of its contracts. That rules 
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out all governments that come inty 
power through conquest or seizu:e yy 
assassination or otherwise tha» by 
popular election. We might be wi<e ty 
rule out also the countries whose elec. 
torates are low in political litera) and 
unpracticed in political disciplin-. but 
let’s waive that point. 

Where does that leave us? What 
countries, with substantial oil primise, 
otherwise open to foreign exploration, 
have governments elected by popular 
vote? This time we have the [| nited 
States, Canada, and Israel, India, and 
Pakistan, and perhaps Iraq. Even the 
government of Venezuela, able and 
popular as it is, is a military junta 
that has never been elected to office. 
The list is dismally short. Keeping con- 
tracts is not a universal habit. 


Should We Attempt Enforcerient 


Is there no means of enforcing a con- 
tract between an oil company and a 
government? The Court of International 
Justice may some day be an effective 
tribunal, if all concerned come to ac- 
cept its decisions. It is powerless when 
a country refuses to accept its decisions, 
It is powerless when a country refuses to 
accept its jurisdiction, as did Iran. 

There was a recognized rule of inter- 
national law and practice that a coun- 
try protected the persons and property 
of its citizens wherever they went, and 
property included contract rights. The 
rule remains; the practice has grown 
more and more feeble. It has yielded bit 
by bit to the theory that one country 
should not interfere with the internal 
affairs of another, even though the ad- 
ministration of the internal affairs of the 
second country involves virtual robbery 
of the citizens of the first. 

The fashion of today is to sneer at the 
former practice, to call it “gunboat 
diplomacy.” The term sounds damnable, 
but is a gunboat, used to enforce honesty 
and fair dealing, more damnable than a 
court order or a policeman? 

The question of using force is always 
a ticklish one. Even in the days when the 
rule was more generally enforced, its 
enforcement was subject to considera- 
tions of broader national interest. Such 
considerations would of necessity affect 
its enforcement today. If we had backed 
British gunboats in the Persian Gulf, 
Russia might have moved into Iran. If 
we should enforce American rights in 
Guatemala,—they are threatened with 
violation under what appears to be the 
direction of Moscow — we might lose 
such good will as we have in Latin 
America. We might, on the other hand, 
gain new respect as a nation that pro- 
tects its citizens. 

I do not envy our Department of State 
its job of deciding whether and when tt 
should insist that contracts made in 
cood faith should be observed. I suggest. 
however, that unless by some means the 
political risks ia some parts of the world 
are reduced, the free world’s oil needs 
may not be fully met. xt 
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Canadian Oil’ 


Free enterprise and individual efforts, 


encouraged and rewarded in Canada 


In these hectic times it is refreshing to 
note that there still exists a place where 
free enterprise and individual effort not 
only prevail but are openly encouraged, 
and the rewards obtainable are in direct 
proportion to the energy expended. 

Such a place is Canada, our fine 
neighbor, which comprises one-half of 
the continent of North America. 

The average American usually thinks 
of Canada as being a wonderful place 
for a vacation and for fishing, hunting, 
and summer and winter sports. Many 
Americans own summer homes in Can- 
ada and look upon them as second 
homes. 

Not many Americans realize that 
Canada is larger in area than the United 
States. There are 3,695,189 sq miles in 
Canada compared with 3,022,387 sq 
miles in the United States. There is 
plenty of room for a lot more people in 
Canada because the population is only 
13,854,000. 

Canada is a great grain producing 
country and some of the best beef in the 
world comes from the vast ranches in 
the western provinces. In natural re- 
sources Canada has been very richly en- 
dowed with timber, coal, iron, copper, 
nickel, lead, zinc, gold, silver, uranium, 
and, in recent years, vast reserves of oil 
and gas. 


Government—Federal 


Canada is no longer a Dominion under 
Great Britain but is an independent and 
soverign member of the British Com- 
monwealth of Nations. It is now on its 
own, and, I might add, doing very well. 
Like the United States it is a federation 
with provincial governments similar on 
the whole to the state governments of the 
United States and with the city of Ot- 
tawa, Ontario, corresponding to Wash- 
ington, D. C., as the chief legislative, 
executive, and judicial seat of the 
country. 

The Federal Government consists of: 

1. The Governor General, who is ap- 

pointed by the King and who is 
usually an outstanding person. 

2. The Prime Minister, who is elected 

by the people. 

3. The Senate, the members of which 

are nominated for life. 


ee 
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4. The House of Commons, the mem- 
bers of which are elected by the 
people for 5-yr terms. The House, 
however, may be dissolved before 
a term is completed. 


Government—Provincial 


The 10 provinces, corresponding to 
our 48 states, are each governed as fol- 
lows: 

1. The Lieutenant Governor, who is 
appointed by the Federal govern- 
ment. 

2. The Premier, who is elected by the 
people of the province. 

3. The Legislature, the members of 
which are elected by the people for 
4-yr terms. 

4. The Cabinet officers, these are 
members of the Legislature and 
are selected by the Premier; for 
example, the Minister of Mines 
and Minerals. 

The government people are extremely 
well qualified for their jobs and appar- 
ently believe that it is their duty to put 
forth their very best efforts to serve their 
people. 


Oil and Gas in Canada 


For many years oil and gas have been 
known to exist in eastern Canada from 
Newfoundland westward through the 











Maritime Provinces of Nova Scotia and 
New Brunswick. The Gaspe Peninsula 
and the St. Lawrence lowlands of Que- 
bec and Ontario also contain oil and 
gas. Ontario, which adjoins Quebec to 
the west, has produced commercial! 
quantities of both oil and gas for years. 
The chief producing formations are in 
the Devonian, Silurian, and Ordovician 
formations. 

‘Since 1947, however, the principal de- 
velopment has been situated in the 
Province of Alberta in western Canada 
where Imperial Oil Company opened the 
Leduc field. I will, therefore, not dwell 
further on the eastern provinces. 


Western Canada 


Potential Producing Area. For some 
time it has been known that an area 
existed in western Canada that offered 
possibilities for containing oil fields. 
This area is basin-like, roughly triangu- 
lar in shape, and has a base of approxi- 
mately 800 miles extending along the 
United States-Canadian boundary divid- 
ing Alberta, Saskatchewan, and south- 
western Manitoba from Montana and 
North Dakota. The two legs of the tri- 
angle extend northwestward approxi- 
mately 1600 miles and out into the 
Arctic Ocean. 

Approximately 650,000 sq miles are 
included within the boundaries of this 
area. It is estimated that the underlying 
sediments range from earliest Paleozoic 
through the Mesozic and Czenozic and 
run from 1000 to 13,000 ft, with an aver- 
age of more than 5000 ft, in thickness. 
They are principally marine in origin, 
and the gross volume of these sediments 
is approximately 650,000 cu miles. On 
the west the area is bounded by the 
Rocky Mountains and on the east by the 
pre-Cambrian shield. ; 

The Alberta syncline occupies the 
deepest part of this basin-like area. In 
southern Alberta the axis of this asym- 
metric trough is just east of the foot- 
hills; however, it diverges’ somewhat 
eastward as it proceeds farther north. 
The continuity of the Alberta syncline is 
disrupted by some rather unusual struc- 
tures in the Mackenzie River district. 


Still farther northwest there appears to 


be less folding with consequent widen- 
ing of the basin area and a slight plung- 
ing to the northwest. 

In 1914 a commercial well was drilled 
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at Turner Valley, which lies 30 miles 
southwest of the city of Calgary, Al- 
berta. This resulted in opening what be- 
came know as the Turner Valley field 
which has since produced more than 
107,000,000 bbl of oil and more than 
1,000 billion feet of gas. During World 
War II a peak of 30,000 bbl per day was 
produced from Turner Valley, which 
aided materially in the war effort. 

Up until the end of 1946 approxi- 
mately $50,000,000 was expended in 
searching for more “Turner Valleys” 
and although several important gas 
fields and a few small oil fields were dis- 
covered, the general picture was dis- 
heartening. 

One of the difficulties was that data 
obtained from geophysical operations 
were not too reliable or possibly the fault 
lay in improper interpretation. The 
usual explanation was that the overly- 
ing glacial drift resulted in obtaining 
“poor records.” 

All available data were subjected to 
study and reinterpretation. Where data 
were lacking, test holes were drilled. 
Sedimentation was examined minutely 
to try and determine its effect on the 
formation, in ancient times, of suitable 
reservoirs. 

The great oil saturated outcrop known 
as the Tar Sands at Fort McMurray, 225 
miles north of Edmonton, was proof that 
an enormous quantity of oil was present. 

Production at Norman Wells, another 
1000 miles north, indicated that the area 
between it and Turney Valley in the 
southern part of the province should be 
explored. 


Leduc. Imperial Oil Ltd., Canada’s 
leading oil explorer and largest oil com- 
pany, had, by February 13, 1947, ex- 
pended approximately $23,000,000 and 
drilled some 120 dry exploratory holes. 
On February 13, 1947, however, they 
drilled in Imperial Leduc No. 1 near 
the town of Leduc, Alberta, approxi- 
mately 20 miles southwest of the provin- 
cial capital city of Edmonton. 

‘The discovery well produced at the 
rate of 1000 bbl per day from Devonian 
coral reef about one mile deep. It was 
the first proof of major oil prospects on 
the plains. Turner Valley, lying some 
210 miles to the south, was a foothills 
structure. 


Result. Since 1947 when the discovery 
well in Leduc was completed, additional 
drilling has established a proved reserve 
for the field of 275,000,000 bbl—de- 
finitely a major field anywhere. 

In 1948 a still larger field was dis- 
covered near the town of Redwater, 
which is about 30 miles northeast of Ed- 
monton and 50 miles northeast of Leduc. 
This new field, now called Redwater 
field, is also a Devonian reef field. At 
the end of 1951 the Redwater reserves 
were rated in excess of 700,000,000 bbl. 

More than 25 new oil and some 60 
gas or wet gas discoveries have been 
made since Leduc was found. 

Central Alberta has so far been the 
area of greatest exploration. This is the 
area containing Leduc, Redwater, and 
many other smaller fields. The northern 
Alberta plains have been found to con- 
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tain vast gas reserves and considerable 
evidence of oil. The region when consid- 
ered as a whole has been scarcely 
scratched to date. The south central and 
southern plains areas have yielded large 
gas reserves and small oil fields. 

From a daily production of about 
19,000 bbl at the beginning of 1947 the 
prairie provinces are now able to pro- 
duce over 150,000 bbl a day; and if more 
pipe line capacity existed, this figure 
could probably be doubled. 

The only real pipe line outlet now in 
operation runs from Edmonton, Alberta, 
1190 miles eastward to Superior, Wis- 
consin, on the Great Lakes. The cost was 
$90,000,000. 

Other lines are projected both for oil 
and gas to the West Coast so that the 
outlets will exist at an early date. 

On February 4 there were more than 
2800 wells in Alberta capable of produc- 
ing oil. 


Alberta 


Mineral Rights. Approximately 90 
per cent of all the mineral rights in Al- 
berta belong to the government. The 
other 10 per cent belongs to the Rail- 
roads, the Hudsons Bay Company, and 
a few individuals. 

The government of the Province estab- 
lished the necessary machinery and 
passed legislation that would enable it to 
efficiently handle the problems usually 
associated with oil and gas operations. 
Briefly here is a summary of the gov- 
ernment method for handling their 
mineral rights. 

Government Goal and Policy for Oil 
and Gas. To assure the orderly develop- 
ment of Alberta’s oil resources in the 
best interests of the people of the Prov- 
ince and of Canada as a whole the fol- 
lowing agenda was adopted: 

1. To take all reasonable steps neces- 
sary to encourage orderly development 
to meet the ever increasing demand for 
petroleum products and to make Canada 
less dependent on other countries for 
these essential products. 

2. To insist that all development is 
carried on according to the best known 
engineering practices, thereby prevent- 
ing waste and assuring the greatest ulti- 
mate recovery. 

3. To establish prospecting and leas- 
ing regulations designed to effectively 
prevent monoply and encourage individ- 
ual enterprise. Only by the existence of 
wholesome rivalry where free and com- 
petitive enterprise is carried on can we 
expect to get the most active develop- 
ment. This is certainly a refreshing at- 
titude on the part of government these 
days! 

4. To obtain for the people of the 
Province a fair share of the returns re- 
sulting from the production of oil. 

5. To assure to the owners of surface 
rights fair and generous treatment in 
determining and awarding full and pro- 
per compensation for any loss, damage, 
and inconvenience. 

The soundness and fairness of this 5- 
point policy should commend it, not 
only to the public, but to all those in- 
terested in oil development. 

Procedure. In order to accomplish the 


above goal, the government, with the 
help of qualified petroleum advisors, 
prepared and enacted into law the neces. 
sary regulations. 

These regulations are known as the 
Petroleum and Natural Gas Regula‘ ons 
and provide for acquiring, exploring, 
leasing and development of government 
mineral lands. A copy of these recula- 
tions can be secured by request to the 
Department of Lands and Mines, 
Province of Alberta, Edmonton, Alberta. 

Condensation of Petroleum and Na- 
tural Gas Regulations. Very briefly here 
is the procedure one would follow if he 
desired to acquire some government land 
in Alberta for the purpose of exploring 
for oil and gas. 

After determining the area in which 
he desired to conduct his operation, he 
would check with the Department of 
Mines in Edmonton in order to ascertain 
the availability of the land for explora- 
tion. Of course, if the land had been 
previously selected by another party, a 
different area would have to be chosen. 
If, however, the land desired is open, the 
applicant fills out a “Request for Reser- 
vation” and describes the land and states 
the purpose. 

Petroleum and Natural Gas Reserva- 
tions. An applicant may not acquire and 
hold more than two reservations at any 
one time. Each reservation may not ex- 
ceed more than 100,000 acres. 

A fee of $250 dollars must accompany 
each reservation application and a 
deposit of $2500 for each 20,000 acres, 
or fraction thereof, contained in the 
reservation must be deposited with the 
department. The deposit is to assure 
performance under the _ regulations 
which are designed to require develop- 
ment. 

After the Alberta Department of 
Lands and Mines has checked their 
records and found that the acreage re- . 
quested is available, reservation per- 
mits will be issued to the applicant 
covering the acreage and setting forth 
the governing regulations. 

The term of a reservation is 4 months 
—renewable for 2 additional 4-month 
periods provided the regulations have 
been complied with. Within 90 days 
from the operative date of a reservation, 
the holder must submit for the approval 
of the department a plan detailing the 
nature of the proposed exploration. If 
this plan is approved (and it will be if 
it is sincere and proper), within the 
next 30 days the holder must supply the 
Government with evidence of the en- 
gagement of qualified personnel for con- 
ducting the exploration program and ad- 
vise the date (which is subject to Gov- 
ernment approval) upon which explora- 
tion operations will begin. 

Progress reports have to be submitted 
to the Government, and if they are satis- 
factory, the term of a reservation may 
be extended for two more 4-month pe 
riods after the original 4-month period. 

If the exploration has not been com- 
pleted by the end of the first year of the 
reservation and the Government is satis 
fied that a bona fide operation is being 
conducted, then additional extensions 
may be secured — provided, however, 
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Such details as the positioning of this simple weld on an exchanger 
baffle plate can radically vary maintenance costs of an operating exchanger. 
Low maintenance costs have been a design fetish of Kellogg engineers for many 
years. They design with low maintenance as a principal “spec”... then see 
that the “spec” is reproduced in every piece of Kelloge-fabricated equipment. 
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Continuing Basic Study of 
heat exchange by 
Kellogg development 
groups over 20 years 
has produced undu- 
plicated design data. 


Extensive Shop Facilities, 
from plate forming to 
stud threading, per- 
mit complete fabrica- 
tion of any type heat 
exchanger. 


Shop Layout Craftsmen 
have had experience 
on all types of heat 
exchangers, from ma- 
rine condensers to jet 
engine combustion- 
chambers. 


Special Shop Techniques— 
the component parts 
of each exchanger are 
fabricated as a pro- 
duction unit, build- 
ing in the advantages 
of “tailor-made” fit. 


Rigid Quality Control | 
is maintained by in- | 
' spectors reporting di- 
rectly to Shop Man- 
agement rather than 
to Production execu- 
tives. 


FOR OPERATORS IW WESTERM CANADA 


The Canadian Kellogg Company Ltd. has 
established complete shop facilities for the 
fabrication of all types of piping at EDMONTON, 
Alberta. Inquire directly or through arly 
Kellogg or Canadian Kellogg office.’ 


(KELLOG 
ee 


The M. W. Kellogg Company (A Subsidiary of Pullman Incorporated) New York, Jersey City, Los Angeles, Tulsa, Houston, Toronto, London, Paris 






















































































that the maximum term for a reservation 
shall be three years, except in cases 
where the nature of the terrain, inac- 
cessibility, etc., require additional time. 
The Government may then grant exten- 
sions up to a maximum of 41 years for 
a fee to be fixed by them. 

The rental cost for maintaining a 
reservation during its 3-year term is-as 
follows: 


Amount 

Period per acre 
ist three 4-month periods of lst year....free 
lst 3-month period of 2nd year. 7 cents 
2nd 3-month period of 2nd year 7 cents 
8rd 3-month period of 2nd year... 8 cents 
4th 3-month period of 2nd year........ 8 cents 


lst 8-month period of 3rd year........ 10 cents 


2nd 3-month period of 3rd year........15 cents 
8rd 3-month period of 3rd year .......20 cents 
4th 3-month period of 3rd year. 25 cents 


When a reservation holder has com- 
pleted his exploration program and com- 
plied with the regulations, he may wish 
to reduce his acreage holdings so as to 
include only that acreage overlying evi- 
dence of probable favorable structure. 
With this in mind, he may apply to the 
Government for leases covering part of 
the reservation; and under present regu- 
lations, leases will be granted covering 
not more than 50 per cent of the lands 
comprising each township in the reserva- 
tion. The regulations require that the 
land selected to be leased must be con- 
fined within tracts measuring not more 
than 3 by 3 or 4 by 2 miles or on a 
checkerboard pattern for each township. 

Leases. Leases are for a term of 21 
years and are renewable for additional 
21 year terms as long as productive. 

The rental is $1 per acre payable in 
advance. The first year’s rental may be 
offset or reduced by using as a credit 50 
per cent of the approved expenditures in- 
curred, during the term of the reserva- 
tion, in conducting actual geophysical 
operations within the limits of each 
reservation or in the drilling of a well 
or wells on lands comprising the reserva- 
tion. For example, suppose you had a 
reservation of 100,000 acres and your 
approved geophysical expenditures were 
$100,000. You would then have a credit 
against the first year’s lease rental of 50 
per cent, or $50,000. Therefore, you 
would not be required to pay any rental 
for the first year on up to 50,000 acres 
after converting from reservation status 
to lease status. 

Return of Deposit. The deposit of 
$2500 for each 20,000 acres which was 
put up with the Government when apply- 
ing for the reservation will be returned 
to the reservation holder when the ex- 
ploration program has been completed 
in accordance with the proposed plan 
and the regulations and has been ap- 
proved by the Department. 

Government Regulations—Details. I 
have tried to give you the high spots of 
getting into operation in Alberta and 
have dwelt at some length with the pro- 
cedure involving the Government. It is 
quite different from operating in the 
United States where one usually deals 
with the land owner, and it is very dif- 
ferent from dealing with the United 
States Government bureaus. 

You will find the Alberta Government 
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most cooperative and interested in help- 
ing in every possible way. The person- 
nel with whom you deal, from the Minis- 
ter of Lands and Mines down through 
the ranks, are extremely well qualified 
men of strong character with an unusual 
sense of serving their people by trying 
to do a good job in a strictly honest man- 
ner. All operators, whether large or 
small, receive the same courteous con- 
sideration and must conform to the same 
regulations. 

Operations. There is no appreciable 
difference in drilling operations in 
Canada as compared with drilling to 
similar depths in corresponding parts of 
the United States. Aside from the neces- 
sity for “Winterizing” the rigs in order 
to make the crews more comfortable, 
any Alberta operation looks just like 
another rotary job in the United States. 

Conservation Board. All operations 
must conform to the provisions of The 
Oil and Gas Resources Conservation 
Act, The Oil and Gas Wells Act, and 
Drilling and Production Regulations, all 
of which have been passed by the Al- 
berta Government. 

The provisions of these regulations 
are enforced by an agency known as 
The Petroleum and National Gas Con- 
servation Board. The Board is similar to 
the Railroad Commission of Texas and 
was patterned after it. Most operators, 
however, are of the opinion that the 
Alberta Board is even more efficiently 
set-up—possibly because when it was 
formed, it had the advantages of the 
Texas Commission’s experience. 

Board Powers. The Oil and Gas Re- 
sources Conservation Act of June, 1950, 
is designed to effect the conservation of 
the oil and gas resources of the Province, 
to prevent waste, to regulate drilling 
and production operations, and to give 
each owner the opportunity of obtaining 
his just and equitable share of the pro- 
duction of any pool. 

The power to accomplish these aims, 
to make and enforce whatever regula- 
tions are necessary, and to hold hearings 
and make oil and gas conservation tax 
assessments, is vested in the Petroleum 
and Natural Gas Conservation Board. 


Tax — Petroleum and Natural Gas. 
This oil and gas conservation tax is for 
the purpose of defraying expenses of the 
Petroleum and Natural Gas Conserva- 
tion Board. At the present time this levy 
may not exceed 10 mills per dollar of 
assessed value of all properties on the 
assessment roll, with a minimum tax of 
$1. Each owner is required to supply the 
Board with information necessary to ar- 
rive at a valuation. 

The Board is staffed with highly 
qualified personnel such as engineers, 
geologists, geophysicists, attorneys, etc.. 
and also has facilities for examining 
and’ storing cores and samples. All 
geological information provided the 
Board is kept confidential for one year 
unless permission is given for prior re- 
lease. Up-to-date maps and reports are 
prepared by the Board and will be sup- 
plied by them for a nominal fee. For 
details concerning the work of this very 
important Board it is suggested that 
you write directly to: 


The Chairman 
Petroleum and Natural Gas 
Conservation Board 


514 Eleventh Avenue West 
Calgary, Alberta, Canada 


Oil Royalty. On June 1, 1951, new 
royalty rates payable to the Provin-e 
of Alberta for oil produced from Go, 
ernment lands went into effect: This rey- 
alty is on a sliding scale and ranges 
from 5-per cent for a well producing up 
to 600 bbl per month to 16 2/3 per cent 
for a well producing 4050 barrels or 
more per month. 

Gas Royalty. Gas royalty is subject 
to consideration of each case. 


Immigration 

A few words about the Canadian re- 
quirements for persons wishing to enter 
Canada for employment may be of in- 
terest. 

Persons entering Canada for employ- 
ment, either as landed immigrants or 
under a temporary permit, come under 
the jurisdiction of the Department of 
Citizenship and Immigration, Immigra- 
tion Branch. Local offices of this depart- 
ment are maintained in Calgary, Ed- 
monton, and Regina as well as in other 
important centers in western Canada. 
These offices have authority to deal with 
applications from individuals intending 
to take up residence in Canada, either 
permanently or on a temporary basis. 
Unless it is the express desire of the 
individual, citizenship of the individual 
is not affected in meeting the require- 
ments of the following information. 

Under existing regulations, when a 
person enters Canada with the intention 
of remaining permanently or for an in- 
definite period, he must enter Canada 
as a landed immigrant. Under certain 
circumstances, however, where technical 
personnel are brought into Canada for 
temporary periods by companies oper- 
ating in Canada, upon representations 
from the company they may be granted 
temporary permits. In such cases it is 
necessary to satisfy the proper authori- 
ties that similarly qualified personnel 
are not available in Canada and also 
that the persons entering the country 
under the temporary permits will leave 
Canada when the work is completed. 
Persons entering Canada for temporary 
periods are not permitted to accept em- 
ployment with any one except the com- 
pany or individual under whose spon- 
sorship they were permitted to enter 
the country. 

In the majority of cases, applications 
of United States technicians and per- 
sonnel to be employed in the oil indus- 
try in western Canada are sponsored by 
a company operating in Canada. The 
position of the applicant is confirmed 
by the company with the Western Can- 
ada Petroleum Association in Calgary. 
If found to be in order, the information 
is passed along to the local Immigra- 
tion Branch Office for approval. They, 
in turn, can issue the required permit 
for entry into Canada and thereby facili- 
tate matters at the border. 

Household effects may be brought to 
Canada as well as automobiles. No 
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duties are exigible on the first men- 
tioned, but automobiles when brought 
in under landed immigrant status are 
subject to appraisal by the Customs au- 
thorities and duty is levied on the 
amount in excess of $1500. 


Customs and Tariff Regulations 


To cover all the various matters com- 
ing under these regulations would be 
prohibitive. Here is a very brief sum- 
mary of pertinent regulations, however. 

Tariffs and customs regulations relat- 
ing to the importation of goods and 
equipment into Canada come under the 
jurisdiction of the Department of Na- 
tional Revenue, Customs and Excise Di- 
vision, Ottawa, Ontario. 

The taxes listed below when used are 
calculated on the following basis: 

1. Duty, computed on fair market 
value at time and place of direct ship- 
ment to Canada. 

2. Sales tax, computed on the duty 
paid value. 

3. Excise tax, computed on the duty 
paid value. 

Although this information cannot 
cover all items imported into Canada in 
connection with the oil industry, it is 
intended to provide a general picture of 
the rates applicable to the various types 
of equipment and machinery that are 
being brought into Canada from the 
United States. 

Items for clearance under Tariff 
Item No. 848, the pertinent tariff, are 
admitted duty free and are exempt from 
sales tax. Generally speaking, this 
covers all machinery and equipment 
that is actually used exclusively in the 
production of oil and natural gas. 


Customs Regulations 


Automotive Equipment. All automo- 
tive trucking equipment entering Can- 
ada requires a permit from the Secre- 
tary of Customs, Ottawa prior to 
shipment. Duty of 1714 per cent is pay- 
able on the invoice value, and a sales 
tax of 10 per cent is calculated on the 
duty paid value. Automobiles must 
qualify as new vehicles to be eligible 
for importation. They are dutiable at 
the rate of 1714 per cent on the invoice 
value, have a 10 per cent sales tax and 
a 25 per cent excise tax on the duty paid 
values, 

Seismic Equipment. Recording equip- 
ment enters duty free, but the consum- 
able goods used in that business are 
dutiable according to classification. 

Border Facilities. Customs brokers 
versed in the requirements of the cus- 
toms people are located at all major 
Ports of entry and can deal with all 
phases of the entry of equipment. 

Forms. Invoices must accompany all 
shipments of goods, and invoices must 

prepared for all consignment ship- 
ments to Canada. 


Personal Income Tax—Canada 


As the provisions of the Personal In- 
come Tax laws are subject to change 
and modification, I will not go into a 
detailed discussion here, and I suggest 
contacting one of the large Canadian 
banks for the latest information. 


There is one interesting provision 1 
should like to mention, however, and 
that is that there is no capital gains tax 
at this time. 


Withdrawal of Funds from 
Canada 


Since December 14, 1951, all restric- 
tions were removed on the transfer of 
money into or out of Canada. 


Doing Business in Canada 


There are four methods for United 
States resident individuals or corpo- 
rations desiring to do business in Can- 
ada: 

1. Partnership. 


2. Branch of United States corpora- 
tion. 


3. United States subsidiary corpora- 
tion. 


4. Canadian subsidiary corporation. 


There are many angles to be con- 
sidered in deciding which method best 
applies in any given case, and it is sug- 
gested that competent advice be secured 
from the principal banks in Canada and 
also from legal counsel. 

Here are a few highlights pertaining 
to each of the previously mentioned 
methods. 

Partnership. United States residents 
may engage in business in Canada as a 
partnership. This may be done by a 
group of persons who own a United 
States corporation. Canadian personal 
income tax at graduated rates is exigible 
on each partner’s share of the profits. 
There is no “community of earnings” 
(as between spouses) in Canada. Profits 
are not subject to Dominion or Provin- 
cial corporation income taxes. If the 
principal place of business is in Quebec 
or Ontario there is no liability to capital 
and place of business taxes, as there 
would be in the case of a corporation. 
United States residents may deduct the 
Canadian personal income tax from 
their income or apply it as a credit 
(with limitations) against United States 
income tax. The benefit of “limited lia- 
bility” is not obtained. 

Recent increases in Canadian corpora- 
tion tax rates tend to make this method 
worthy of greater consideration than in 
the past. 

Branch of United States Corporation. 
A United States corporation may open 
one or more branch offices in Canada. 
It must register as a foreign corpora- 
tion in each province in which it does 
business, and pay a registration (not an 
annual) fee, which may average ap- 
proximately $100 per province, depend- 
ing on the size of the corporation. If 
it does business in Quebec or On- 
tario, these provinces exact an annual 
corporation “capital tax” and a “place 
of business” tax. If the principal place 
of business in Canada is in Quebec the 
capital tax is 1/10 of one per cent of 
all the capital of the Canadian branch, 
less an allowance in respect of Ontario 
capital tax, if any is paid. The Ontario 
rate is 1/20 of one per cent. If the 
principal place of business is in one of 
the other provinces, liability to Quebec 
and Ontario capital taxes is based on 
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the percentage of the capital allocated, 
on the basis of sales or assets, to these 
two provinces. 

The entire Canadian profits are sub- 
ject to Dominion income tax at corpora-: 
tion rates. These are (1951) 15 per cent 
on the first $10,000 per annum, and 
45.6 thereafter. 

Provincial corporation income tax is 
levied on profits applicable to sales 
made to residents of provinces in which 
a “permanent establishment” is main- 
tained. The Quebec and Ontario rate 
of tax is 7 per cent, the rate for the 
other provinces is 5 per cent. If the 
principal place of business in Canada 
is in Quebec, the computation results 
in the entire profits applicable to sales 
in Canada bearing tax at the 7 per cent 
rate. 

Losses may be applied against profits 
of other years (one year back and five 
years forward) for the purposes of 
Dominion income tax, and provincia! tax 
for provinces other than Quebec and 
Ontario. Quebec and Ontario do not per- 
mit loss carry-forward, except that On- 
tario allows new companies to accumu- 
late business losses until the first year 
of taxable profit, and to apply these to 
reduce this taxable profit and those of 
subsequent years. 

The corporation must keep its books 
and records in such a way that a profit 
and loss statement for the Canadian 
operations can be prepared. The conven- 
tion calls for “separate accounts.” It is 
advisable that books and records of the 
Canadian branch be maintained at the 
principal place of business in Canada. 
If not, the Dominion authorities may 
demand that the books and records be 
brought to Canada from time to time 
for their inspection, or that the tax- 
payer pays the expenses of one of their 
assessors to go to inspect these records 
where maintained in the United States. 

Under this method arguments may 
arise with the Canadian authorities as 
to proper methods of allocating various 
revenues and expenses to the Canadian 
branch. 

There is no withholding tax on re- 
mittances of profits or interest to head 
office in the United States. 

The corporation is allowed credit 
against United States taxes for the 
Dominion and Provincial corporation 
income taxes paid. The amount of the 
credit is limited to the ratio of the cor- 
poration’s net income from Canada to 
the net income from all sources. 

United States Subsidiary Corporation. 
A United States subsidiary corporation 
to handle only the Canadian business 
may be formed. 


The subsidiary may be incorporated 
in any state of the United States con- 
sidered desirable, and the head office 
will be in the United States. 

The basis of taxation in Canada is 
the same as outlined for a branch for 
United States corporation. 

Under this method, it is generally 
found easier to obtain a proper distri- 
bution of income and expenses between 
the Canadian and the United States 
operations than under the “branch” 
method. 
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COOPER-BESSEMERS ALL THE WAY AT THE 


HUGOTON PLAINS GASOLINE PLANT 


ll efpicient power generation 
. fo low-cost compressing 


The new natural gasoline plant of the Hugoton 
Plains Gas and Oil Company, now operating 
about a year, is powered by the Cooper- 
Bessemer units shown opposite. These consist 
of three JS-6 540 hp gas engines driving 368 KW 
A.C. generators, and a 308 hp GMX V-angle 
compressor. 


This interesting field processing plant, engi- 
neered and constructed by J. F. Pritchard & 

. Company, serves 176 gas wells, operates with- 
out steam, and efficiently produces natural gas- 
oline, propane, butane and 1so butane. Residue 
gas goes into Northern Natural’s system. 


The three JS gas engines operate 24 hours a 
day, furnish all electric power required to oper- 
ate the plant. Using Cooper-Bessemer’s latest 
development in high compression operation, 
these modern engines attain 34.4% thermal effi- 


ciency, holding fuel consumption to less than 
7400 BTU/bhp/hr. 


The GMX is used as a propane refrigeration 
unit. And here, as in other processing services, 
this modern Cooper-Bessemer V-angle com- 
pressor is showing a consistent record of 
trouble-free, low-cost performance under con- 
tinuous operation. 


Whether your plans call for power generation, 
compressing, or both, check on the advantages 
you stand to gain with the latest Cooper- 
Bessemer developments. 





The 
Cooper -Bessemer 


Corporation 


MOUNT VERNON, OHIO — GROVE CITY, PENNA. 


Compressors 


Seattle, Wash. 
| Roy- ww ole (=) (1-1 
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Shreveport 


Chicago Caracas, Venezuela 




















to industrial men... 


this big new illustrated book: 


“What is MICROWAVE 2° 


Just off the press! Jam-packed with 
facts about microwave . . . what it 
is, how it works, what it can do for 
you! For your FREE copy, mail cou- 
pon now! 


Here’s the beautiful brand-new “how- 
and-why” book you’ve been waiting 
for ... 20 fact-packed pages that show 


you exactly how microwave can help , 


you in your operations. 





yet as 


Name 

















Here are 5 of the many subjects covered: 


1. The 4 basic advantages of microwave. 


2.5 actual case histories showing microwave 
at work for... 
® a big power utility. 
® a long-distance pipe line. 
® a fish and game commission. 
® a 300-mile turnpike. 
® a 1000-mile Western Union system. 
3. How microwave operates a pumping station 
by remote control. 
4. What goes into a typical microwave system. 


5. How RCA helps you install your microwave 
system. 


"a 


Are you keeping up to date on 
microwave? 


\ Microwave is one of the most versa- 
tile communication tools developed 
in the 20th century. No wonder 
industry has been so quick to 
\ adopt it for power lines, pipe 
4 lines, highways, railroads, and 
\ similar applications. You just 
\ can’t afford not to be up to 
4 date on microwave. So get 
' your own copy of this big new 
FREE book... mail handy 
coupon... RIGHT Now! 


Communications Section, Dept. 127G, RCA, Camden, N. J. 


Without obligation, please send me my own FREE copy 
of your big brand-new book: ‘““WHAT Is MICROWAVE?” 


Position 





Company 








Address 


City State 
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Please give me additional information on 
microwave for the application following: - 





RADIO CORPORATION of AMERICA 
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As a subsidiary is a United States cor. 
poration, the dividends paid are not 
subject to withholding tax. They are 
taxable in the hands of the pzerent 
United States corporation on the same 
basis as dividends from any other 
United States corporation, i.e., 15 per 
cent of the amount of the dividen:'s js 
taxable. Interest paid by the subsidiary 
to the parent is not subject to withhold- 
ing tax. 

If 95 per cent of this corporation’s 
gross income is derived from sources 
outside of the United States, and 90 per 
cent of the gross income is derived from 
a trade or business, the corporation will 
be treated under the United States tax 
laws as a “western hemisphere trade 
corporation.” Although the Canadian 
corporation tax rate is now considerably 
higher than the effective tax rate of 33 
per cent payable in the United States 
by a “western hemisphere trade corpo- 
ration,” such a corporation will pay no 
United States tax. 

Canadian Subsidiary Corporation. A 
Canadian subsidiary corporation may be 
formed, either under the Dominion Com- 
panies Act or under the Companies Act 
of any of the Provinces. Provincial in- 
corporations are the cheaper, but if 
there is any possibility that the scope 
of the business will extend beyond one 
province, it is advisable to have a Do- 
minion incorporation. All directors and 
shareholders may be resident in United 
States, but the head office and a repre- 
sentative of the company must be in 
Canada. 

The basis of taxation in Canada is the 
same as for any other Canadian com- 
pany. 

Dividends paid to the United States 
parent corporation are subject to a 
withholding tax of 5 per cent if the 
United States parent owns not less than 
95 per cent of the voting stock. Divi- 
dends paid to United States individual 
shareholders are subject to a withhold- 
ing tax of 15 per cent. Interest paid to 
the United States parent corporation is 
also subject to the withholding tax of 
15 per cent. 

The dividends (and the interest) are 
taxable in the hands of the United States 
parent corporation, but credit is allowed, 
against United States income taxes, for 
the withholding tax and also for the 
Dominion and Provincial corporation 
income taxes, the total credit being 
limited to the ratio of the United States 
corporation’s net income from Canada 
to its net income from all sources. 
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CUTS-YOUR 
EMULSION-BREAKER 









NOTICE: Visco Products Company is authorized to manufacture and sell Visco Oil Treating Compounds for use in the breaking and resolving of oil emulsions, ur to grant licenses f 
such use, under the following United States Letters Patent: 2,050,639; 2,060,640; 2,206,589; 2,214,783; 2,214,784; 2,225,189; 2,303,414; 2,307,813; 2,318,034; 2,318,035; 2,321,056; 2,335,554; 2,454 

2,614,399. Visco Products Company is willing to grant licenses on a royalty basis, to oil companies, and to others desiring to practice the patented subject matter, under any 
the above Letters Patent, permitting the user to purchase the oil treating compounds at will from any vendor, or to prepare the compounds for use or to use the compounds under th 


* 





To Treat the Same Identical Emulsion Required: 


3 units of a Visco units of a medium- units of a low- 
Class I high qual- priced emulsion priced emulsion 
ity formula. breaker. breaker. 


In each instance, Visco Class I is the highest-priced chemical— 
but the lowest in cost per barrel of dry oil! 


Quantities above were determined from controlled tests 
in the field and in the Visco Laboratories. Oil treated 
contained emulsion which could be satisfactorily broken 
by all three formulas. This proof of the real economy of 


_ Viseo Quality formulas is even more dramatic on leases 


where emulsions encountered are more difficult and some- 
times impossible to break with lower grade formulas... 


You can put Visco Quality to work on your leases 


‘promptly—Call Houston, CAPITOL 7300, collect, for fast 


action. Remember: By paying too little for treating chem- 
ical you may be paying far too much for pipeline oil! 


VISCO PRODUCTS COMPANY 
INCORPORATED 


City National Bank Building 
Houston 2, Texas 


VS SOLVENT 


Visco VS was developed for our own use as a solvent 

for wax, grease, lube oils, paint, oil-treating chemi- 

cals, and fusible or soft resins. It is so good, it has 

been made available to the whole petroleum industry! 

Will not harm skin, wood or metal. Available now in 
' 5-gallon tins and 55-gallon drums. 


4 


above Letters Patent. Application for license should be made to: Visco Products Company, Houston, Texas. 
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Tue present system pursuant to which 
one acquires oil and gas rights in lands 
owned by the federal government is 
quite different from earlier procedures. 

The earlier procedures followed those 
that developed as to hard minerals and 
they evolved from the self-made customs 
of the California gold miners of 1849. 
These men were without any applicable 
law; they took matters in their own 
hands, and adopted and enforced rules 
and regulations they felt were equitable, 
covering the possession and development 
of their discoveries and the products 
therefrom. These self-made rules be- 
came known as the “customs of the dig- 
gings” and after a few years were, with 
practically no change, enacted into law 
and have remained the law, as to hard 
minerals, to this day. 

When oil was first discovered upon 
public domain lands and because oil is 
treated by the law as a mineral, those 
who sought to gain legal title to lands 
thought to be oil bearing, did so pur- 
suant to the law relating to hard min- 
erals. Procedures incident to this method 
of perfecting title depend so largely 
upon actual possession and working of 
lands, rather than upon the filing of 
documents, that violence in keeping with 
the riches contended for was not un- 
common. 

Moreover, when lands are so acquired, 
the Government receives only a nominal 
price and receives no “rentals” or 
“royalties” as was and is the practice in 
connection with the leasing of privately 
owned lands for oil and gas exploration 
and development. For these and other 
reasons, the Department of Interior, 
about 1907, initiated procedures that 
made it possible for oil and gas rights 
to be acquired in public lands, which 
the Department felt might be valuable 
for oil and gas purposes. The Depart- 
ment “withdrew” these lands for the 
purpose of classification and a few 
years later asked Congress to enact 
leasing laws to be applicable to prospec- 
tive oil and gas lands and certain other 
minerals. World War I highlighted the 
importance of petroleum to the security 





_tPresented before the University of Kansas 
City School of Law, Symposium on Oil and Gas, 
May 16, 1952, under the title “The Mineral 
fasting Act: Problems in Respect to Oil and 

as 


*Attorney-at-Law, Chicago, Illinois. 
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How to Lease Public Lands’ 


Some problems involved in acquiring oil and gas rights in areas owned 
by the federal government under recent revisions of Mineral Act 


. DEAN TERRILL* 


and welfare of the nation and after ex- 
haustive consideration the Congress, in 
1920, enacted the legislation which, as 
subsequently amended from time to 
time, is known as the Mineral Leasing 
Act, applicable to all public domain 
lands with a few exceptions. 

The system so provided for was quite 
different from the present system, which 
came into existence by the Act of August 
21, 1935, and was later modernized by 
the Act of August 8, 1946. Inasmuch as 
few of you will be concerned with prob- 
lems incident to the initial system prior 
to revision I won’t go into it except to 
describe it briefly as one of the explora- 
tion permits for limited periods and as 
to limited acreage, pursuant to which 
leases might be obtained upon proof of 
a discovery of oil or gas. Two types of 
leases were then granted and if you 
should ever run across a federal oil and 
gas lease with a 5 per cent royalty pro- 
vision, you will know it was granted -ac- 
cording to the conception of the original 
1920 Act. It will be an “A” lease and 
confined to a maximum of 160 acres. The 
“B” lease was granted as to an area of 
not more than three-fourths of the acre- 
age covered by the permit, but its royal- 
ties began at 1214 per cent and went as 
high as 32 per cent, depending upon the 
rate of production. The better the well, 
the higher the royalty. 

Operators, generally, never liked the 
permit procedure, limited as it was, and 
whether because of this attitude or be- 
cause of easier oil discoveries in other 
parts of the country, or because of both 
and other factors, no great amount of oil 
development occurred upon public 
domain lands for a number of years fol- 
lowing the 1920 act. 

Deeming the law to be unsatisfactory, 
Congress, in 1935, amended the Act by 
substituting a leasing system for the per- 
mit procedure so that anyone desiring 
to explore for oil or gas on public 
domain lands and to obtain rights 
therein had first to obtain a lease. 

A basic distinction, which still pre- 
vails, was made in that legislation be- 
tween lands within the confines of a 
known geologic structure of a producing 
oil or gas field and those not so located. 
If they are so located a lease is granted 
only to the highest qualified bidder by 
competitive bidding. If they are wildcat 
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lands, they were made subject to lease 
to the first qualified applicant who 
makes a proper application for them. 

That general system still prevails and 
is, | submit, consistent with general 
practice as to privately owned land. 

If an operator gets an idea that an 
area far removed from actual production 
of oil merits some consideration, the 
owners of such lands usually give Jeases 
for nominal consideration to the first 
such person who comes along. If, how- 
ever, some owners are missed, or the 
structure, if found, develops in a direc- 
tion different from that anticipated and 
ends up upon some unleased land, then 
the owner, quite naturally holds his own 
auction, even if not in just the same 
fashion as does the government. 

My first contact with public domain 
oil matters came at this transition pe- 
riod, when the concepts of the 1935 Act 
became effective. I had to try to under- 
stand the procedures and rights under 
both the old and new systems and I 
found them both confusing, particularly 
so because the processing of permits and 
applications by the Department of In- 
terior was so slow. I believe I’m not 
much different from most lawyers in 
that when a client wants to know what 
his rights are pursuant to a contract or 
deed or lease, we want to see the actual 
signed instrument before we advise him 
if he has any rights and, if so, what his 
rights and corresponding obligations 
are. 

If he had a permit I could tell him 
that if he did thus and so and if he 
could prove thus and so then the law 
said he was entitled to this and that— 
but I didn’t have the signed instrument 
setting forth the this and that. If he 
had made an application for a lease it 
might be years before it was processed 
and the actual signed lease issued. 
Would he get one? Was he safe to spend 
money in exploration without the actual 
lease? Who could tell what might de- 
velop to prevent the issuance of the 
lease? Perhaps the district office records 
were deficient in connection with the 
classification or description, or a prior 
application might have been overlooked. 
Although careful checking of all per- 
tinent records and of the actual applica- 
tion itself does tend to assure one that 
the lease will, in time, issue, one’s rights 
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do not mature until he is delivered the 
lease executed on behalf of the Govern- 
ment. 

The Department was, and is, meticu- 
lous in its processing of applications for 
leases—which is to the good—but that 
very caution, coupled with understaffing 
(especially in the light of inevitable 
bureaucratic red tape), together with 
another factor to be adverted to, led to 
delays of years, in many, if not most 
cases, in the actual] issuance of leases. 

The other factor was: Persons adept 
in the leasing procedure could, and some 
did, capitalize upon those procedures in 
order to maintain a hold upon large 
amounts of lands with an outlay of a 
minimum of money. 

Until March 1, 1949, an applicant for 
a non-competitive lease could, by pay- 
ment of a filing fee of only $32, apply 
for a lease on 2560 acres. If the lease 
didn’t issue he would even get his $32 
back. If he messed up that application 
just enough to require a lot of process- 
ing and adjudication but not enough to 
make it void, he could hold up issuance 
of the lease for years and then accept it 
if the lands subsequently appeared 
valuable, or, if subsequent events con- 
demned the land, withdraw his applica- 
tion and get his $32 back. Also, as long 
as he didn’t have actual leases on more 
than the prescribed number of acres of 
land he could thus tie up an unlimited 
quantity of land. 

Delays.in processing and questionable 
practices by some persons became, in 
time, factors that indicated further re- 
vision of the law was needed. They were, 
perhaps, minor compared to changes 
necessary because of provisions of the 
law itself, especially in the light of 
changing conditions. 

So, let us look at some of the pro- 
visions of the law as it existed in the 
early forties and the changes deemed 
vital by the industry in order to pro- 
mote development of the public domain 
for oil and gas purposes. And we must 
remember that it has been, and presum- 
ably still is, the considered and declared 
policy of the Congress to promote such 
development; it is even written into the 
title of the 1920 Act. 

First, the law provided for royalty at 
a minimum of 1214 per cent but which 
increased, depending upon the quality 
of the well. At the time, the Department 
fixed the maximum at 25 per cent al- 
though it had power to lift that to 32 
per cent. 

We were in a war that necessitated 
more and greater petroleum reserves 
and production, yet the Government 
wanted to penalize and jeopardize op- 
erators upon public domain lands as 
compared with operators upon privately 
and state owned lands, with respect to 
which the royalty rate was almost uni- 
versally 1214 per cent. 

Second, the law prescribed unrealistic 
minimums as to acreage. No person 
could hold leases upon public domain 
lands in one state in excess of 7680 
acres except for leases and lands within 





an approved unit or cooperative agree- 
ment. It was obviously impossible to ex- 
plore, to any considerable or intelligent 
extent, in the face of such acreage 
limitations. Exploration in new non-pro- 
ducing areas requires reconnaissance of 
hundreds of thousands and even millions 
of acres. The industry had developed a 
system of “options” and “operating 
agreements” pursuant to which they 
sought to obtain some sort of rights with 
holders of federal leases or applications 
for leases, to protect them in the light 
of their exploratory activities. The prac- 
tice was well known—no one was too 
certain whether it was wholly legal— 
and it was the best that could be devised 
in the face of an impossible and unreal- 
istic law. 

Third, various provisions vested arbi- 
trary authority in the Secretary of In- 
terior upon matters of importance to 
the Lessee and concerning which the 





Areas of Promise 


Many of the new Areas of Promise 
are in sections of the United States 
where the federal government is a big 
landowner. Leasing from the U. S. De- 
partment of Interior is not as easy as 
leasing from individuals or state gov- 
ernments, 


This paper, presented at the Sympos- 
ium on Oil and Gas at the University of 
Kansas City School of Law, gives the 
background of oil and gas leasing of 
public domain and tells how to meet 
some of its problems. 











Lessee, rather than the Secretary, should 
have authority or, at least, which should 
be left for disposition by the courts in 
the event of dispute. 

The Department, by its own construc- 
tion of the law, and by regulations pro- 
mulgated by it, and by provisions con- 
tained in the lease form, had arrogated 
to it, in the name of the Secretary of In- 
terior, powers respecting lease develop- 
ment, operation, marketing, and even 
disposition of the Lessee’s rights and in- 
terests that would be unhesitatingly and 
forever rejected if contained in a lease 
contract with respect to privately owned 
lands. 

It was felt that specific revision of the 
law in these connections were necessary 
if development of public domain lands 
were to be promoted, as desired by Con- 
gress. 

A large group from the industry set 
about to frame an amendment to the 
Act, and to promote its enactment, to 
correct the deficiencies of the existing 
law. It was a labor of years and of an 
astronomical amount of man hours. We 
appeared before hearing after hearing 
and had innumerable meetings all over 
the country. We didn’t get near all we 
thought proper, but we did modernize 
the law very considerably. 

Wildcat leases now bear only the 
usual 121% per cent royalty. 

The acreage limitation was raised 
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from 7680 to 15,360 and two year geo- 
logical options upon a maximum of 100,- 
000 acres of leases (or applications 
therefor) in one state are expressly sanc- 
tioned. 

Some of the arbitrary powers of the 
Secretary were abolished—for example, 
now, if one satisfies himself a person to 
whom he proposes to sell a federal lease 
is qualified to own one and sees to it that 
the proper bond is posted, he can, with 
assurance, make the deal and the assign- 
ment. True, it will be some time before 
the Secretary approves it, as required by 
law, but the law now also reads: “The 
Secretary shall disapprove the assign- 
ment or sublease only for lack of suffi- 
cient bond.” 

The amendment, itself, was a great 
help in stimulating the leasing and de- 
velopment of public domain lands and 
a further benefit, perhaps as great, has 
come about indirectly from the activity 
in that connection. . 

The many meetings of persons in the 
industry with representatives of the De- 
partment, both those prior to enactment 
of that legislation and many which fol- 
lowed, have been most helpful. The De- 
partment now better understands the 
problems of the industry and has devel- 
oped new procedures and mechanics to 
solve them or to expedite their handling. 
The industry, too, now better under- 
stands the problems facing the Depart- 
ment in handling oil and gas matters 
and has supported much that the De- 
partment has required in order to do a 
better job. 

There are differences of attitude and 
opinion between representatives of the 
industry and those of the Department; 
some of them appear to be fundamental 
and irreconcilable, but the area of 
mutual understanding and helpfulness 
is much larger than it was 10 years ago. 

But now, to get back to chronology. 
Until the thirties, almost all federally 
owned land was public domain. Then, 
with the New Deal legislation and later, 
World War II, the government acquired 
many million acres of land for various 
purposes. Whether and how such lands 
could be leased for oil and gas was a 
headache. 


We considered trying to cope with the 
problems in the 1946 Act but we had so 
many hurdles to clear we preferred not 
to raise that controversial issue. Ac- 
cordingly we deliberately sidestepped it 
but covered it by a separate Act which 
became law on August 7, 1948, the 
“Mineral Leasing Act for Acquired 
Lands.” The Act covers, with few ex- 
ceptions, all lands owned by the federal 
government and not theretofore sub- 
ject to the Mineral Leasing Act and 
makes them available for lease pursuant 
to the provisions of the Minera] Leasing 
Act with the consent of the head of the 
executive department or instrumentality 
having jurisdiction of the lands in 
question. One notable exception was 
tidelands and submerged lands. 

This legislation marks the end of 
important legislation pertinent to fed- 
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amend the Mineral Leasing Act, mest of 
them in ways which the industry, g-ner. 
ally, if I may so express my opinion, 
feels to be contrary to the considered 
policy of Congress. 

Thus there is strenuous effort to re. 


| quire, or give to the Secretary the power 


to so require, competitive bidding as to 
wildcat leases. For a government that 
makes such a show of anti-monopoly 
practices and the encouragement of 
small business, such a policy is ridicu- 
lous, if not venal. Competitive bidding is 
indisputably to the advantage of the 
large companies. It might (although 
this is by no means suscéptible to 
definite proof) result in larger total 
initial revenues to the Government. Con- 
versely, it could result in less explora- 
tion and discovery and ultimately lower 
total revenues because of less royalty 
income. 


The historical policy of the Congress 
has been, however, that the public 
domain is held in trust for all the peo- 
ple; that the best interests of all are 
served by the development thereof con- 
sistent with customary practices and by 
guaranteeing the little fellow shall have 
an opportunity to participate. Competi- 
tive bidding can only be associated with 
strictly proprietary attitude.of one who 
owns something of value and insists 
upon getting the most he can for it in the 
market place. While justifiable and prop- 
er as to proved acreage it is not justi- 
fied as to wildcat lands unless the policy 
as to utilization of the public domain is 
to be reversed and the Government is 
to take a positive stand in favor of the 
elements of production being owned by 
the Government to the nth degree in the 
same manner as if owned by private 
parties. If that is to be our policy, then 
the Department of Interior might be- 
come one of the big oil producers. Per- 
haps that is what is desired. 


The petroleum industry has per- 
formed such an outstanding job under 
private management and using private 
capital, both for the security and wel- 
fare of the whole country and all its citi- 
zens of those who are devoting their 
lives to it, that it is the target for every 
zealot who is socialistically minded or 
would curry favor with malcontents and 
the unsuccessful by the easy but shoddy 
expedient of sticking pins in the doers 
and the producers. 


The industry by and large, has no ad- 
vantage as to publicly owned lands over 
privately owned lands. It’s to the ad- 
vantage of the country to prospect the 
public domain for oil and gas just as 
much as to so prospect private lands 
and the royalties are largely the same 
under similar circumstances. The Gov- 
ernment, by unusual lease provisions 
and regulations, still has much greater 
control over development, operation, 
and marketing than do private lessors. 
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In short, I state flatly that the industry 
doesn’t have it easier as to government 
lands than as to private lands. 

If I had a million dollars to invest in 
the acquisition and development of an 
oil lease and the best geologist in the 
world brought me a map of what he felt 
was the best structure he’d ever found, 
with the information it was all unleased, 
I'd hope, upon examination of the tract 
books, to find that land privately owned 
and not government owned. 

Unitization is either a bete noir or the 
golden apple, depending upon one’s 
viewpoint. Henry Doherty and Congress 
got the vision and the gospel as to 
unitization at about the same time. 
Doherty preached it to the industry and 
tried to make converts to it by promising 
more oil recovery. His technology wasn’t 
as persuasive as that of Williams and 
Kavilier and he never made many volun- 
tary converts in his lifetime. There were 
other reasons, too, because unitization, 
without the aid of legislation to force in 
the unbelievers, is most difficult to 
achieve. There are always some sinners 
who insist upon preferring hell to 
heaven. 

Congress had better bait. A 1930 Act 
first contained provisions as to unitiza- 
tion and cooperative agreements and 
either that act or other legislation 
shortly thereafter provided that as to 
leases included in such agreements ap- 
proved by the Secretary of Interior, the 
acreage limitations of the Act do not 
apply. Theoretically one could acquire 


lease after lease and commit them to ati 
approved unit agreement and end up 
with a million acres of federal leases so 
committed. 

But for a long time, the Department 
had a most difficult time to get anyone to 
commit his leases to a unit agreement. 
It may have been coincidence, but its 
hard sledding in that connection was 
during the same period when there was 
a lull in petroleum activity in the pub- 
lic domain states. Then, with World War 
II, and the emergency act of December 
24, 1942, which granted a flat 1214 per 
cent royalty to discoveries made during 
the period of the war emergency, the re- 
surgance of interest in the Rocky Moun- 
tain area, and the enactment of the 1946 
amendment, the picture changed. 
Whereas operators had not theretofore 
been too crowded as to acreage, now 
they were faced daily with the possibil- 
ity of exceeding their permitted hold- 
ings. 

The Department which, up to then, 
hadn’t been able to club lessees into 
unit agreements, was suddenly flooded 
with applications from lessees for ap- 
proval of unit agreements. 

And the Department’s form of unit 
agreement, which had been highly ob- 
jectionable to the industry, hadn’t been 
changed too much. It was, of course, the 
choice, by the operators, of the lesser 
of two evils. ; 

We began hammering at the Depart- 
ment in the early forties for changes in 
the form of, and regulations with respect 


to, unit agreements. The amelioration 
process has been, in some respecis, as 
difficult, or more so, and certainly more 
prolonged, than the effort to amend the 
law. Like effort has been exerted to bet. 
ter the lease form. Both the unit form 
and the lease form have been, within the 
past two years, revised and bettered to 
some extent but whether enough to 
justify the effort, I’m not sure. 

Both the prescribed lease form, from 
which the Department will not vary one 
iota, and the Unit Agreement form, from 
which it varies perhaps once or twice in 
leap years, contain provisions, largely 
by way of power and authority vested in 
the Secretary of Interior, which few op. 
erators would sign if such instruments 
were freely negotiated. I do want to say 
this, however, in compliment to the De- 
partment of Interior: By and large they 
use such reserved powers with admir- 
able restraint and discretion. I have lit- 
tle quarrel with the Department in the 
matter of their administration of leases 
and unit agreements. I do take excep. 
tion, however, to their position that such 
reservations of power are proper. 

I would be derelict, if I do not advise 
those of you who don’t know it, that 
there is now available a book which 
answers about 99 per cent of questions 
which may arise as to federal oil and 
gas leasing. It is “Oil and Gas Leasing 
on the Public Domain,” published last 
year by Frank Gower and written and 
compiled by Lewis Hoffman, of the De- 
partment of Interior. 
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Hall-Stewart’s two-engine Le Roi L3000 rig has more than 
— Bthe 1950 drilling-depth record in West Texas to its credit. 
~ {The Midland, Texas drilling contractor says this about 
his Le Roi’s: 
“ "We're now drilling our sixth 13,000-foot well. That's 
~ ‘BB bard work on any engine, but we think our Le Roi’s are 
{just getting broken in’. 
"We find that Le Roi L3000’s are faster on acceleration 
—and have more pep — than slower, in-line engines. 
“Ever since we’ve had our first Le Roi engine, service 
from General Machine & Supply Co. (W est Texas Le Roi 
distributor) has been excellent, Their overhaul work is 
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hour service. Le Roi has service facilities like these 
throughout the oil fields — another reason why you 

































In discussing “Safety—a Way of Life, 
Not Just a Procedure,” I have no inten- 
tion of covering specific safety equip- 
ment or specific refinery safety hazards; 
but rather a philosophy—a way of 
thinking; that I feel is essential if we 
can hope to reach our goal. Current 
regulations and safety procedures are 
important; but an individual, thinking 
properly, trained, cognizant of his re- 
sponsibility and willing to accept that 
responsibility can work wonders, yes 
miracles. Safety as a way of life makes 
for better living at work, at home, at 
play; yes, and on the highways. It 
makes one thoughtful instead of thought- 
less; careful instead of careless. It dis- 
tinguishes between bravery and fool- 
heartedness. It makes one a _ better 
neighbor, a better citizen, and a better 
employee. It makes for a fuller and 
happier life. 

Last year, 1950, American industry 
reaped a harvest of 15,500 industrial 
deaths; to say nothing of the hundred 
thousand disabled and injured. Faulty 
equipment, mechanical failure, acts of 
God? No! Careless—thoughtlessness— 
lack of safety consciousness—they were 
the main causes. I’ve seen some of their 
mangled bodies, heard their cries of 
agony and pain, tried to comfort the 
broken hearts of wives and children. 
Sure, you say, being a physician, that’s 
my job. You're right. But I say it’s your 
job to work harder to prevent these 
tragedies, this needless waste of life. 
What are we going to do about it? 

At a recent meeting I heard a rumor 
to the effect that certain oil technologists 
consider safety as being important but 
unattractive. You know, as well as I, 
that safety is important and it is attrac- 
tive. To the man who is just for safety, 
it may be unattractive; but to the man 
in safety, it is most attractive. To the 
man on the sidelines, just watching the 
game, it may be unattractive; but to the 
man on the playing field, in the game, 
it is most attractive. 

Men, we have to get our plant people 
off the sidelines, put them in uniform, 
get them in the game. What can be more 
attractive than directing your energies 
in the interest of your family’s, your 
neighbor’s as well as your own welfare 


+Presented before the 18th Annual Texas 
-~ 1g 7 caaaaes Dallas, Texas, March 24- 
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and happiness? Safety is an intangible 
quality, that we can all have and have 
it to the same degree. It’s like patriotism. 
A man’s job classification has no bear- 
ing on the degree of patriotism he can 
enjoy. No, thank God, patriotism is a 
quality we can all enjoy equally. Safety 
is a quality we can all enjoy equally. 

When you publicize the fact that you 
operate a safe refinery, just what are 
you inferring? That you have a safety 
program—that you post safety rules— 
that you give first-aid to the injured? 
No! When you publicize that fact, you 
infer a great deal more. You mean that 
your men are free from risk or danger; 
that they are in safe custody; secure 
from the threat and danger of this ever 
present enemy “personal injury.” 

But how can you fulfill this obligation 
and keep this ever present enemy “per- 
sonal injury” under control? One good 
knockout punch is not enough to do the 
job permanently. It may work tempo- 
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rarily—but it takes the repeated daily 
jabs and punches of every man in your 
plant to keep this enemy flat on his 
back. 

To be sure, if you asked your em- 
ployees in a safety meeting how they 
felt about safety, you’d get a showing 
of hands; that on the surface at least 
would indicate that every man was all 
out for safety. But don’t put too much 
stock in group response at a safety 
meeting; because men don’t get killed 
in safety meetings. You must be much 
more concerned about their personal at- 
titude toward safety when they’re alone. 
out on the job, repairing a tank, or, on 
the highway, driving their car. They’re 
the places to raise your hand, and raise 
it high, for safety; because they’re. the 
places men do get killed . 

But unfortunately, too many men look 
upon safety from the “necessary evil” 
point of view. Oh, they’re for safety, 
think it’s a good idea; as long as it 
doesn’t demand too much time or 
energy; and provided it doesn’t inter- 
fere too much with what they call per- 
sonal liberty. In other words, too many 
men are just luke-warm—we’ve got to 
make ’em red-hot for safety. 

Many times we approach the subject 
of safety from the after the fact angle; 
after the accident; after the man has 
been injured. Yes, we investigate the 
accident and make recommendations. 
To be sure this is important and essen- 
tial. But, how about the near accidents, 
the close shaves, the scares, the short- 
cut procedures, the loose operating 
practices, that so far haven’t actually 
resulted in an injury, but could have? 
The attention we give to these items n 
prevention is the true measuring rod of 
our attitude toward safety. Silence 1s 
anything but golden when it comes to 
covering up unsafe practices. That is the 
time to shout and shout and keep on 
shouting until the condition is corrected. 

Recently I reviewed a series of 31 
automobile accident reports. There were 
no fatalities, not even a so-called serious 
injury; but each of the 31 had the po 
tential for a fatality or a serious injury. 
I was interested in reviewing the s0- 
called reasons as listed on the accident 
reports — car ahead stopped too sud- 
denly; car ahead had no tail light; skid- 
ded on small patch of ice; shoulder of 

road too narrow. and so on. Wait a 
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minute—do you consider these as the 
primary ‘causes? How about the safety 
consciousness of the driver? Does that 
count? I consider these not as causes, 
but as alibis. The real cause, in my 
opinion, was the lack of adequate safety 
consciousness to cope with the situation 
at hand. 

We are, truly, our brother’s keeper; 
and regardless of whether we operate a 
refinery or a truck—we, as individuals 
are constantly affecting the habits and 
lives of our fellowmen. The casual word, 
spoken unwisely; the unsafe practice; 


our failure to give complete instructions , 


—may prove to be our contribution to a 
serious injury, involving one or more of 
our fellowmen. 

Of course, you don’t hurt your fellow- 
men deliberately—you don’t hit a man 
on the head with a hammer; nor trip 
him with a rope; nor send him into a 
tank that has not been gas-freed—but, 
through incomplete instructions, failure 
to set the proper example or insincer- 
ity of purpose—you can accomplish the 
same tragic goal, and, the chances are 
that your name will not even appear on 
the investigation. But your conscience 
will be incriminated—you can’t dodge 
that. It’s high time we all begin to sense 
our full responsibility. Each of us must 
be willing to review our performance 
and get sold 100 per cent on safety. We 
must be self-starters. Together, you men 
can charge the atmosphere of your 
plants with a spirit of safety that will 
make accidents impossible. Accidents 
can be prevented. 

Modern preventive medicine has made 
small-pox, typhoid fever and diphtheria 
old-fashioned diseases. We seldom see 
them today. When can we hope to 
gear-up our thinking to the point that 
accidents and injuries will be considered 
as being old fashioned? Oh, I’m well 
acquainted with the defeatist attitude— 
that accidents just happen—that they’re 
just part of living—that it’s just human 
nature to get hurt, and all that bunk. 
Sure, we used to say that pigs and hogs 
just couldn’t get along without filth and 
dirt—they were just part of the animal. 
But we know different today. 

_We know that with proper care, plan- 
ning, and proper feeding—pigs can be, 
not only happy without filth and dirt, 
but are actually bigger and stronger 
pigs. If you can pry a pig loose from 
dirt and filth; and make him like it; 
there must be a. chance to divorce man 
from accidents. This may sound ideal- 
istic—too hopeful—but it’s a good goal 
to shoot at. To attain it demands work. 
The need of American industry — the 
American public—is a real awakening 
to the situation that stares them squarely 
in the face. We, I repeat, we; all of us 
have been too complacent. Wasting’ man- 
power and lives must stop. , 

hat was your reaction to the figures 
—15,500 industrial deaths in 1950? Did 
you have a sick feeling in the pit of your 
stomach? What is your reaction when 
you hear of a tragedy of a serious in- 
jury to a fellow workman? Do you find 
it dificult to sleep; because you -think 
of his pain or suffering? Do you take 
just one fleeting moment, to raise your 
tyes to the sky, and thank God, that you 


had been spared? Do you tighten your 
belt, and with an oath under your breath 
—solemnly pledge to do an even better 
job for safety? 

That’s what I mean by a new ap- 
proach—making safety a personal mat- 
ter. But only too often, men do not react 
that way. Instead, they make alibis; say- 
ing, “well, that’s too bad, I hope the 
fellows weren’t hurt too seriously” or 
“there goes the safety record all shot to 
(hell)” or “I guess somebody slipped 
up.” Could that somebody have been 
they? Do they blame themselves? 
Could this accident have been.the result 
of their poor example—of their failure 
to follow through or because they let 
somebody down? With this approach to 





safety; you see immediately that we are 
all involved to some degree with every 
accident. The fact that they still occur 
means we must do a better safety job. 
Most of us have been entrusted with 
tools, equipment; yes, valuable equip- 
ment. And we spend much time and 
energy in protecting that equipment. 
But stop—think a minute—how about 
the human lives entrusted to your care? 
How thoughtless we are at times about 
this; our greatest responsibility — at 
work and home. All you have to do is see 
men’s mutilated bodies—hear their cries 
of agony and pain—visit their heart- 
broken families; and then you are con- 
vinced—all this cruelty and waste must 
stop—now. And it can be done; if we 
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are willing to buckle down to the job. 

What has been said thus far should 
be enough to show you where you fit into 
this safety picture. But don’t stop there. 
How about your men? They must be 
sold on safety. And that’s part of your 
job. To just tell a man he must be a 
safe worker, follow regulations; give 
him a hard hat, a cannister gas mask— 
is not selling safety. All you have sold 
that man is so much confusion. 

You know what I mean. You've seen 
it many times. I’ve seen a workman 
painting a safety slogan on a bulletin 
board urging everybody else to work 
safely, slip off the scaffold and break a 
leg. I’ve seen a supervisor fall down 
steps and break an ankle as he rushed to 


attend a safety meeting. We must con- 
vince our people that “safety isn’t just 
for the other fellow—it’s for him.” In 
other words, at times our programs be- 
come so formal they lose their personal 
punch. It’s like giving a man a pencil 
without a point. It’s useless. 

It isn’t enough to tell a man to work 
safely. He must be able to grasp the 
real meaning. We must honestly sell 
him. Take the time to explain what it’s 
all about—in language he understands. 
He must know what this safety tool is if 
he is to use it—and that’s our job. 

In most cases after we have used this 
approach we have succeeded in selling 
the man in safety. He is a changed man. 
He is no longer working simply by rules 
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and regulations—he has actually been 
converted. There has been a change in 
his thinking, in the man himself. f 
necessity he is the essential unit upon 
which we must build our safety pro. 
gram. The whole foundation is made up 
of plain individuals who have been c»n- 
verted into thinking and doing and living 
the safe way. 

Get rid of the idea that a safety pro- 
gram is built on goggles, hard-hats. 
safety shoes, posters, flags, or prizes, 
They’re adjuncts, important adjuncts, 
but not substitutes. This individual, con- 
verted in safety, is the most important 
factor—and he is the only individual 
capable of using safety rules and pro- 
tective equipment properly. 

Converted — what does the word 
mean? To turn completely from one be- 
lief to another. No half-way business— 
turn completely. It means in this case, 
that the individual now believes that 
safety is his job, not just the job of some 
committee, or safety director or manage- 
ment—but his job, his personal busi- 
ness, his way of life. The next step— 
after being converted—is to be so con- 
vinced in that belief that you go all out 
trying to sell it to others. That’s our 
job—to set up a crusade in safety that 
will spread through our refineries—our 
communities—like a prairie fire, catch- 
ing every individual in its path. The 
hardest step is the first step—that of 
really being converted. Can you think of 
a more worthwhile cause than of pro- 
tecting and safeguarding human life— 
be it at work, at home, at play or on the 
highway? 

Men—encourage your people to put 
on their “safety coats” and wear them 
all the time at work—being certain that 
you always have yours on—and don't 
let them take it off at the end of the 
day. Encourage them to wear it, as they 
drive their cars home. And tell them not 
to take it off when they get home— 
cause there are too many hazards. Tell 
them to see to it that their wives wear 
their “safety coats” all the time; espe- 
cially around the kitchen and the stove. 
And the kiddies — see that they give 
them each a “safety coat”—sew it on— 
to prevent them from getting out of it. 
They’re never too young for a “safety 
coat.” 


A child of four, according to the morn- 
ing paper, was old enough to open a 
dresser drawer, take out a gun, load it, 
climb up on a bed, and shoot and kill his 
17-month-old brother. That child was 
definitely old enough to wear a “safety 
coat” — even though somebody else 
thought he was too young. 

Of course if that child’s dad had been 
in the habit of wearing his “safety coat 
at home—there wouldn’t have been any 
gun where a four-year-old could get his 
hands on it. Yes—that dad will wear his 
“safety coat” from now on—but of 
course, it’s a little blood-stained. 

Do you see what I mean? Safety is 
more than a program—it’s a way of life. 
Safety does make fer better living at 
work, at home, and on the highway. It 
makes us better dads, neighbors, and 


citizens. Make safety, your way of life. 
s ¥, ¥ 7. oe 
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Application of Automatic Controls to Wells 


P 530. 


and Tank Batteries in the East Texas Area’ 


HARRY PISTOLE* and BRUCE M. SULLIVAN* 


Is the early days of the oil industry 
there was little need for automatic con- 
trol equipment to regulate production of 
crude oil. For example, in Colonel 
Drake’s time the major problem was 
finding a market for the meager amounts 
of oil produced. Even during the days 
of flush production at Spindletop there 
was no need for control mechanisms as 
the flow of oil was limited only by the 
capacity of the wells, and many good 
production men were sure that it was 
extremely bad practice to shut in a well 
for any reason. As the oil industry grew, 
more became known about the produc- 
tion characteristics of oil wells, and the 
lease pumper began to have many re- 
sponsibilities in the operation of pro- 
ducing his wells. 

The early 1930’s marked the advent of 
our present technology of petroleum 
which recognizes that proper control of 
production from individual wells is es- 
sential to efficient operation of oil reser- 
voirs. Incorporation of this and other 
now firmly established principles of 
petroleum technology in the state-ad- 
ministered proration laws have since 
made it not only good business but a 
matter of law to control and record pro- 
duction from each well accurately and 
intelligently. Thus, the job of a lease 
pumper has grown from one that started 
largely as a watcher over earthen pits 
full of oil to that of a production spec- 
ialist, a bookkeeper, and a marketer of 
crude oil. 


Purpose of Automatic Controls 


Although the primary purpose of 
automatic controls to be discussed in 
this paper is to increase the productivity 
of the lease pumper—just as machines 
have increased the productive capacity 
of the nation—a brief analysis of the 
duties of today’s lease pumpers is neces- 
sary to find where automatic controls 
can help. His duties may, and frequently 
do, include each of the following: 

1. Flow wells for definite periods, 2. 
Pump wells for definite periods, 3. “Top- 
out” lease stock tank, 4. “Switch” tanks. 
5. Shut in lease production when equip- 
ment fails, 6. Gage tanks and sell oil, 
1. Treat oil-water emulsions, 8. Make in- 
dividual well production tests, 9. Check 


7Presented at the Spring Meeting of the 
; uthwestern Division of Production, Washing- 
a Hotel, Shreveport, Louisiana, March 
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performance of wells and lease equip- 
ment, 10. Maintain proper well-produc- 
ing rates, 11. Service lease equipment, 
and 12. Make oral or written reports on 
any phase of lease activity. 

Of these duties, the first five are time- 
consuming, routine manual operations 
that can be performed by control equip- 
ment thus permitting the lease pumper 
to spend most of his time on the opera- 
tions that require human attention. This 
has been the basis on which automatic 
control equipment was developed, and 
installations are being justified to ac- 
complish two basic functions. The first 
is filling of stock tanks with progressive 
topping-out and switching from one 
tank to the next. The second is control 
of the daily flowing or pumping period 
of each well on the lease. The first 
function is common to all oil fields; 
however, the second is limited to fields 
in which it is necessary to stop-cock 
many of the capable wells. Use of semi- 
automatic controls to conserve input 
gas to gas-lift wells is now fairly com- 
mon but will not be discussed in this 
paper which is intended to cover pri- 
marily automatic control of tank bat- 
teries and of flowing and pumping wells. 


Application of Automatic 
Equipment 

The great East Texas field has pro- 
vided an excellent laboratory for the 
development of automatic equipment as, 
on larger leases, a high percentage of 
the pumper’s total work time has been 
consumed in the routine manual opera- 
tions of producing wells by stop-cock- 
ing and of topping and switching tanks. 
As early as 1939 the feasibility of plac- 
ing the automatic controls on wells in 


_the East Texas field was under active 


consideration. At that time various types 
of automatic gas control valves were in- 
stalled on both flowing and gas-lift wells 
in an attempt to minimize the gas and 
labor required to produce the wells. 
The gas-controlled valves were not en- 
tirely satisfactory in their operation, but 
experience gained through use of this 
equipment was of great value jn the sub- 
sequent selection of other types of auto- 
matic devices. Extensive development of 
automatic control equipment and sys- 
tems was impossible during World War 
II due to material scarcity and shortage 
of technical personnel. 





When material became more available 
in 1946 and 1947, electrical control sys- 
tems were a natural choice for this field 
as electrical power is readily available 
throughout the field, and many addition- 
al leases will utilize electrical distribu- 
tion systems for pumping power as wells 
cease to flow. The electrical control 
equipment developed in the East Texas 
field will be the principal topic of this 
paper as it has proved both reliable and 
efficient in operation. The efficiency of 
the automatic equipment is reflected by 
the fact that through its use pumper pro- 
ductivity has been doubled in many 
cases. This gain in productivity is usu- 
ally sufficient to pay out the initial in- 
vestment in automatic equipment in 
from one to three years, depending 
upon the size of the leases involved and 
whether the wells are pumping or flow- 
ing. Better utilization of available per- 
sonnel is particularly important at the 
present time when the manpower sup- 
ply is becoming critical due to the 
expanding defense program. 


In addition to economy of operations, 


other benefits are realized from utiliza- 


tion of automatic controls. Production 
from leases which supply a central gas- 
oline plant can be regulated to maintain 
a continuous flow of gas into the plant. 
Wells can be scheduled for production 
on a 24-hr basis; that is, where all leases 
are not equipped for automatic opera- 
tion, the leases that are so equipped can 
produce at night unattended, permitting 
the manually operated leases to produce 
during the daylight hours, thereby mak- 
ing it possible for the pumpers to work 
during the period when their time can 
best be utilized in the overall operation 
of the property. In some cases automatic 
equipment has also permitted pumpers 
to continue to work by eliminating du- 
ties that were beyond their physical 
capacity. 

After the reliability of automatic 
equipment was demonstrated, applica- 
tion of automatic control equipment to 
wells and tank batteries progressed at a 
phenomenal rate in the East Texas field. 
On January 1, 1952, eight companies 
were operating a total of 36 tank bat- 
teries, 759 flowing wells, and 134 pump- 
ing wells controlled by automatic equip- 
ment. Equipment was on order or being 
installed on 31 additional batteries and 
643 wells. 
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CENTER IS TH 











FIG. 4 


Electrically Powered Automatic 
Equipment 


Tank Switching Mechanisms. Auto- 
matic operation of a tank battery is ac- 
complished by the use of electrically 
operated valves, float switches, and a 
control panel or “switcher.” On each 
tank is placed a valve and a float 
switch, and the control panel is in the 
pumper’s “doghouse,” as shown in Figs. 
1 and 2. When the oil reaches a pre- 
determined height in the tank, the float 
switch trips, actuating the “switcher” 
that closes the valve on the full tank and 
opens the valve on the next tank that is 
ready to receive oil. This process con- 
tinues as long as there is a tank avail- 
able for storage. Selector switches are 
incorporated in the control panel to per- 
mit the pumper to isolate a tank that is 
being run to the pipe line or that is not 
to be filled for any other reason. In- 
cluded in the panel is a relay which will 
ston production from all wells on the 
lease when there is no more storage 
space aVailable at the battery, or when 
the fluid level in the separator reaches 
an abnormal height, which could re- 
sult from malfunction of equipment or 


FIG. 5 


plugging of the dump line. Also, a pro- 
rating time clock is usually wired into 
the control circuit to automatically 
shut in the lease on nonproducing days. 

The valves and switches used on the 
tanks are explosion-proof as well as 
weatherproof. All wiring is run in rigid 
galvanized conduit equipped with seal- 
ing devices to exclude gas. Fig. 3 shows 
the conduit at the tank valve. 

As the lease is operated unattended 
for 16 hours per day, a recording pres- 
sure gage is installed on the production 
header, as illustrated in Fig. 4, to give 
a record of the pressure fluctuations as 
the wells come on and go off. From this 
record any well that fails to produce, 
or is delayed in producing, can be de- 
tected and identified. 

Other Tank Battery Accessories. In 
conjunction with installation of auto- 
matic tank battery equipment, devices 
have been tested which permit tank 
gaging and sampling from the ground 
level. A sample box of the type shown 
in Fig. 5 can be installed on the side 
of a stock tank to enable oil samples 


to be obtained from the tank at a con- ~ 


venient ground level. The sample box 
has piping that extends to three different 
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levels in the tank. Valves on the piping 
enable a composite sample to be ob- 
tained by drawing equal volumes from 
each of the three levels. A diaphragm- 
type pump is provided in the box for 
returning the sample to the tank even 
when it is full or pressurized. Shakeouts 
of samples obtained from the sample 
box and of samples obtained by conven- 
tional thiefing have given almost iden- 
tical results. 

The ground level gaging device in 
Fig. 6 consists essentially of a foam- 
glass float which is located within the 
tank and connected to a graduated tape 
which extends through the top of the 
tank, passes over two pulleys, and down 
to a tape drum housing on the side of 
the tank. The housing is provided with 
a glass window and a pointer that indi- 
cates the feet and inches of oil in the 
tank. A method of calibrating the as- 
sembly is included. Plans are currently 
being completed to provide automatic 
recording of tank gages at predeter- 
mined time intervals. 

The tank-gaging devices have been 
proved accurate, checking against con- 
ventional gages; however, they have not 
been widely used throughout the East 


B-7 





= 
= 
3 
= 


FIG. 9 


Texas field, as many pipe line gagers 
consider it necessary to inspect the tank 
before and after the oil is run to deter- 
mine the nature of the paraffin deposi- 
tion in the tank. In fields where tank- 
bottom deposits are no problem, use of 
the ground-level gaging and sampling 
devices should provide a reliable, con- 
venient, and clean method of thiefing 
and gaging. In conjunction with other 
automatic tank battery equipment, they 
will reduce the possibility of fire and 
hazards to personnel. In many cases 
definite economic saving can be real- 
ized by elimination of the conventional 
stairways and walkways. 

Controls for Flowing Wells. The con- 
trol system for flowing leases consists 
essentially of an electric power distri- 
bution system, electrically operated 
valves to control the production of each 
well, and time clocks to operate these 
valves on a preset schedule. A typical 
well is shown in Fig. 7. The distribu- 
tion system includes a control wire 
which permits the panel at the battery 
to shut in all wells on the lease without 
cutting off power to the time clocks. The 
power requirements of the clocks and 
valves is small; however, where leases 
will ultimately be pumped with electric 
motors, conductors used in the distribu- 
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FIG. 10 











tion system are sized to carry the future 
pumping load. 

Under certain conditions it may be 
found desirable to locate all valves and 
time clocks at the tank battery as in 
Figs. 8 and 9, thus eliminating the dis- 
tribution system. This arrangement has 
proved very satisfactory in river-bottom 
areas that are subject to floods that 
might damage the control equipment or 
distribution lines. Location of the valves 
at the battery is desirable on leases that 
will have a long-flowing life, as the 
investment in an electric distribution 
system may be deferred until the wells 
are placed on the pump. Here, however, 
the governing factor is the condition of 
the flow lines as the entire line from the 
well to the battery will be subject to 
shut-in well pressure. Where flow lines 


ww OF 


Since 1926, general living costs have 
risen 44 per cent, food has increased 61 
per cent and house furnishings are up 76 
per cent. In the same period, the price of 
gasoline, without taxes, has dropped from 
an average of 20.9 cents per gallon to 
20.5 cents per gallon, a decrease of two 
per cent. But taxes on gasoline are 177 
per cent higher than they were in 1926. 





FIG. 11 


are old and in a questionable condition, 
it is usually more economical to install 
a distribution system and located the 
valves at the well rather than recondi- 
tion the flow lines. 

In addition to the normal require- 
ments of a positive seal and reliable 
operation, valves used for automatic 
flowing control must be designed to 
close in the event of a power or control 
failure. Although several valves meet 
these requirements, only two types are 
in general usage at the present time. 
One type, Fig. 10, is an electro-hydraulic 
valve that contains a small electric 
motor-driven pump that provides the 
operating force to open a single-seated 
globe valve. The other, Fig. 11, is a dia- 
phragm type that is operated by well 
fluids and controlled by a_ solenoid- 
actuated pilot valve. Both valves are 
made in several sizes and can be 
equipped for the standard alternating 
current voltages. Valves of 1-in. and 
114-in. sizes with 110-v operators are 
commonly used. 

To control a flow valve situated at the 
well, a time clock and a circuit breaker 
are usually mounted in a small weather- 
proof box as shown in Fig. 12. Pumping 
motor controllers, which contain a time 
clock and circuit protection, can be eco- 
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FIG. 12 


nomically used on wells that are to be 
placed on the pump in a relatively short 
while, as some saving in labor and ma- 
terial can be realized when pumping is 
begun. The time clock at each well may 
be set to shut in the well on prorated 
days; however, it is usually more con- 
venient to shut im the entire lease on 
non-producing days with the prorating 
time clock at the tank battery. Use of 
this central control eliminates the need 
for changing the down days on the con- 
trol clocks at the individual wells with 
changes in number of producing days. 

Controls for Pumping Wells. Applica- 
tion of an automatic control system to 
electric motor-driven rod-pump wells, 
like that in Fig. 13, is very simple and 
inexpensive. The magnetic motor con- 
trollers that are used to start and stop 
the units are normally equipped with 
time clocks so that the pumping period 
of the wells on a lease may be regulated 
to reduce the simultaneous power de- 
mand to a minimum. By connection of 


FIG. 13 
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a control circuit to all of the motor con- 
trollers, the pumping lease can be 
controlled in the same manner as the 
flowing lease, shutting in all wells when 
storage space is not available or when 
there is an equipment or power failure 
at the battery. 


Pneumatic Controls. The electrical 
system of control accomplishes the ob- 
jective of automatic operation with a 
minimum of manual labor and a maxi- 
mum of flexibility and reliability; how- 
ever, there are other methods and types 
of equipment that will perform automat- 
ically or semiautomatically many of the 
functions of the electrical equipment. A 
pneumatic system of lease control has 
been designed for use where electric 
energy is not readily available or where 
gas engines are used for some other rea- 
son. The tanks at the battery are 
equipped with diaphragm motor valves 
and liquid level controllers that are in- 
terconnected by relay and pilot valves 
using the lease gas system as the source 
of power. The entire process of filling 
and switching tanks is similar to the 
operation of the electrical system pre- 
viously discussed. Operation of the pilot 
valves permits selective filling of the 
tanks while a manual reset valve, which 
closes when the tank has been filled, pre- 
vents unintentional operating of the 
tank-inlet valve before the tank has been 
emptied. 

By installing a diaphragm motor 
valve in the flow line of a flowing well 
and operating the valve by a pilot con- 
troller, the wells can be produced or 
shut in by changes in flow-line pressure. 
Low pressure, such as that caused by 
a flow-line break, will shut in the well; 
while high pressure, which could be 
caused by a closed flow-line valve at 
the tank-battery manifold, would also 
shut in the well. A motor valve installed 
in the inlet line to the separator and 
operated by a liquid level controller on 
the separator can be used to shut in the 
entire lease when no more storage is 
available at the battery or when some 
of the equipment at the battery does 
not function properly, causing an abnor- 
mally high fluid level in the separator. 
By application of a time-cycle control- 








ler, it is possible to produce and prorate 
flowing wells in the same manner that 
wells are controlled with electric time 
clocks. 

Automatic operation of engine-driven 
pumping units is not so simple as opera 
tion of flowing wells or of electric 
motor-driven pumping units. A pressure 
switch installed on the flow line can be 
used to shut down the engine when ab- 
normally high or low flow-line pressures 
are encountered and a mechanical shut- 
down timer can be installed in the fuel 
or ignition system to relieve the pumper 
of the return trip to stop the unit; how- 
ever, there is not at present any simple 
means of controlling the entire pumping 
period of engine-driven units, as satis- 
factory automatic operation of the en- 
gine starter has not been achieved. 


Cost of Automatic Control 
Equipment 

Automatic control equipment, either 
electric or pneumatic, can be purchased 
and installed on an average East Texas 
tank battery at a cost of approximately 
$700 per tank. A flowing well can be 
equipped with electric control equip- 
ment, exclusive of the electric distribu- 
tion line, at a cost of about $225. The 
same well would require an expenditure 
of $400 when provided with pneumatic 
equipment, and additional expense 
would be required to supply control gas 
at the appropriate pressure to operate 
the devices. ‘A well that is being pumped 
electrically and already has clock con- 
trol can be connected to a fully auto- 
matic lease-control system for about $35. 
In like manner, a well that is being 
pumped by a gas engine can be equipped 
with a pressure switch for shutdown 
only for approximately $70. When elec- 
tric energy is readily available, the elec- 
tric system of control for wells and tank 
batteries will usually require less invest- 
ment than the pneumatic system. In 
many locations, however, it may be found 
desirable to use pneumatic controls for 
automatic lease operation. 

Other Types of Controls. Many com- 
binations of tank battery and well-con- 
trol equipment are now possible. By 
careful selection and application of 
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FIG. 15 


automatic devices, the operator can ob- 
tain any degree of automatic operation 
desired on a lease. In some cases instal- 
lation of a complete automatic system 
for control of the wells and tanks on a 
lease may not be economically justifi- 
able, whereas use of one or more of the 
automatic devices may be very benefi- 
cial in assisting the pumper to perform 
his duties. 

Probably the simplest device for top- 
ping-out and switching stock tanks is 
the overflow line. The manual opera- 
tion of a battery equipped with overflow 
lines is not appreciably different from 
that of a conventional battery as the 
tank valves have to be opened and closed 
by hand; however, savings in pumpers’ 
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FIG. 16 


time are possible as it is not necessary 
for the pumper to be at the battery 
when a tank is filled and production be- 
gins to flow into another tank. The prin- 
ciple of the overflow line can be ex- 
panded into many combinations of pip- 
ing and valves to permit almost any 
desired sequence of tank filling and 
switching. A common header with a 
valved connection to each tank is a typ- 
ical arrangement, as shown in Fig. 14. 

There is now on the market a valve 
that accomplishes the operation of fill- 
ing and switching stock tanks without 
a source of outside power. This valve is 
illustrated in Fig. 15. The operating 
force for the valve is provided by a 
float and mechanical linkage. The valve 
installation is competitive in price and 
in operation to an installation of over- 
flow lines. When the oil level in a tank 
equipped with this switching valve 
reaches a predetermined height, the 
float actuates the valve, thus closing off 
the inlet to the tank and permitting the 
next tank to be filled. The inlet to the 
full tank remains closed until the tank 
has been run, when it may be reset 
manually. 

Neither overflow lines nor the switch- 
ing valves are entirely automatic in their 
operation, nor do they in themselves pro- 
vide any means for control of the wells 
that produce into the battery; but by ap- 
plication of additional float switches or 
pneumatic liquid level controls, opera- 
tion of the tank battery can be coordi- 
nated with automatic devices on the 
flowing or pumping wells of the lease. 

A recent installation has been made 
and is now being tested in which over- 
flow lines on the stock tanks are being 
used in conjunction with pneumatic 
liquid level controls and a diaphragm 
motor valve on the flow-line manifold, 
as shown in Figs. 16 and 17. This per- 
mits tank topping-out and switching 
when the pumper is not on duty. In addi- 
tion, a time-cycle controller permits 
the wells to be prorated and produced 
on a definite schedule. 

Leases in the area where this equip- 
ment was installed are small, containing 
from one to seven wells normally con- 
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FIG. 17 





trolled with stop-cocks at the tank bat- 
tery manifold. A choke is installed in 
each flow line to regulate the rate of 
production. As each flow line has a 
check valve to prevent backflow of fluid 
from one well to another, it was pos- 
sible to install one master shutoff valve 
on the header to shut in all wells on the 
lease simultaneously. This master valve 
is a diaphragm motor valve, which is 
operated by the spring-driven, time- 
cycle controller on a preset schedule 
and by the liquid level controller on the 
stock tanks when no more storage space 
is available at the battery. 


Conclusions 


The safety and convenience for per- 
sonnel, along with demonstrated im- 
provements in efficiency, have estab- 
lished the practicability of utilizing 
automatic controls in lease-production 
operations. The monetary saving real- 
ized from the increased productive ca- 
pacity of the lease pumper also makes 
installation of automatic equipment at- 
tractive. Normally, this saving would be 
anticipated in newly developed fields, 
fields where pumpers’ work is steadily 
increasing, and in areas where consoli- 
dation of pumpers’ beats is possible or 
necessary as a result of operating con- 
ditions. The equipment has proved to be 
mechanically reliable and efficient, ren- 
dering the work easier for the pumpers 
and permitting the pumpers to work day 
tours only, while the wells produce over 
a 24-hr period supplying gas to plants 
as desired, thus increasing the efficiency 
and economy of operation for the gas 
plants. Application of automatic con- 
trols is profitable in the East Texas oil 
field, and it is anticipated that the bene- 
fits derived from application of these 
controls will be realized in other areas. 
Automatic equipment in itself, however, 
is not a cure-all nor have. all its possi- 
bilities been fully developed; therefore, 
we do have the challenge of selecting 
the proper equipment to meet individual 
operating problems and of developing 
new equipment, as needed, to permit 
further mechanizing of our routine pro- 
duction operations. * % 
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FIG. 1. Project ‘*A’’. 
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FIG. 2. Project ‘‘A’’ performance curve. 


Unsuccessful Water Floods' 


Five secondary recovery projects and why they failed is 


told in report by an API production division committee 


lr is almost universally acknowledged 
that more is learned through failure 
than by success. For this reason, the 
Tulsa, Oklahoma, section of the Mid- 
Continent district study committee on 
secondary recovery has reviewed a num- 

t of unsuccessful water floods in an 
attempt to learn some of the pitfalls al- 
ready encountered in these uncertain 
undertakings. Therefore, this paper has 
been prepared as a brief description of 
five water flood projects that have had 
varying degrees of unsatisfactory results 
and i hat were discussed at meetings of 
the Tulsa section. It is not intended to 


iPresented at the Spring Meeting of the 
j d-Continent district, API Division of Pro- 
— Broadview Hotel, Wichita, Kansas, 
arch 19-20-21, 1952. 
h —— Oil & Gas Company, Tulsa, Okla- 


F. F. WRIGHT* 


be a complete survey of the different 
causes of water flood failures but merely 
relates some of the more common ex- 
periences of unsuccessful and uneco- 
nomical projects. 

As the contributing operators pro- 
vided this information in strict confi- 
dence, these projects are referred to 
solely by letter and will not be desig- 
nated in any other manner. This lack of 
identification does not detract from the 
fundamental issues involved, however, 
and the lessons taught by these exper- 
iences are still applicable and valuable. 


Project ‘‘A”’ 


This was a water flood project in a 
Pennsylvanian sand in the Mid-Contin- 
ent area. The primary history was nor- 








THE PETROLEUM ENGINEER, Reference Annual, 1952 





mal with a primary recovery of 4789 bbl 
per acre from an estimated 20 to 25 ft of 
effective sand. The project was devel- 
oped by converting alternate producing 
wells to inputs as shown in Fig. 1. Five 
of these wells were converted and they 
in turn influenced 7 producing wells. 


-There were no cores taken from within 


the water flood pattern but core informa- 
tion obtained from similar wells within 
one and one-half miles of this flood in- 
dicated that the connate water content, 
by the capillary pressure method, was 
approximately 46 per cent and that the 
permeability of the sand ranged from 
20 to 30 millidarcies. As there were 
other successful water floods in this gen- 
eral area producing from the same sand. 
no concern was feit over the ultimate 
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FIG. 3. Project ‘*B’’. 


prospects of this project at the be- 
ginning. 

The flood was initiated by injecting 
salt water into the five input wells at an 
average total rate of 300 bbl per day. 
Six months after injection began, the 
producing wells showed a rapid increase 
in the rate of water production as indi- 
cated in Fig. 2. As a result of this, the 
produced water volume increased from 
1200 bbl per month to 10,000 bbl per 
month while the oil production increased 
from 700 bbl per month to 2000 bbl per 
month. It should be noted that these 
figures include production from a total 
of 23 producing wells situated on this 
lease, which contained the pilot flood 
with the 7 affected oil wells. This oil 
production declined very rapidly, how- 
ever, and the water flood project was 
finally abandoned after an injection of 
1,205,000 bbl of water had produced 
only an additional 628 bbl per acre from 
the flooded pattern. The operator attri- 
butes the failure of this project to the 
high connate water content that resulted 
in an increased effective permeability of 
the sand to water, as the other factors 
were normal for other nearby, success- 


ful floods. 


Project “B”’ 


This was a water flood project in a 
Texas field producing from a Pennsy]l- 
vanian lime. The reservoir was a thick 
section of lime with about 50 ft con- 
sisting of thin productive stringers. The 
productive area was about 560 acres, 
the average porosity of the pay section 
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FIG. 4. Project ‘‘B"’ performance curve. 


was approximately 5 per cent and air 
permeabilities ranged from 0 to 100 
millidarcies. The primary history of this 
reservoir was normal for the area with a 
total primary recovery of approximately 
1350 bbl per acre. There was a limited 
amount of edge water encroachment but 
it was insufficient to affect oil recovery. 
The producing gas-oil ratio exhibited the 
usual trend of a solution gas drive reser- 
voir. The API gravity of the produced 
oil was 44 deg. 

Three wells, as shown on Fig 3, were 
converted to input wells and salt water 
was injected. Initially all three wells 
took water readily with injection vol- 
umes ranging from 1200 to 1800 bbl per 
day with no surface pressure. The forma- 
tion gradually filled up around the in- 
jection wells, however. As the result of 
this, and possibly due to some plugging 
effects, the receptivity declined until it 
was necessary to use pressure up to 200 
psi surface pressure to inject 500 bbl 
per day per well. Acidizing, however, 
helped the injectivity of these wells. The 
accumulative total volume of water in- 
jected was about 460,000 bbl. 

The water drive proved ineffectual as 
an oil displacement process. Soon after 
injection began, several of the offset- 
ting producing wells showed increasing 
water production with small and short 
term (about one month) increases in the 
oil production rate. About five produc- 
ing wells were so affected. The total ef- 
fect of the water input program is 
graphically depicted in Fig. 4. Water 
injection was abandoned after two years 


when it became necessary to plug back 
the injection wells to complete a devel- 
opment program in shallower horizons. 
The results of the operation may be sum- 
marized as follows: 

The increase in oil recovery was non- 
commercial and erratically distributed 
among the offset wells. 

Channeling of injection water was 
evident soon after the project was 
started, suggesting the possibility of 
fractures or barren, highly permeable 
zones in the formation. 

A considerable decline in injection 
well receptivity was observed, part of 
which may have been due to plugging. 

The project was not continued long 
enough to entirely evaluate the flooding 
possibilities of this lime reservoir, but 
the available data indicates that the 
flooding prospects are poor and the 
project was abandoned. 


Project ‘*C’’ 


This is a water flood project in 4 
Pennsylvanian sand located in the Mid- 
Continent area. Its lack of success 1s 
unusual because the project is in the 
immediate vicinity of a number of the 
very successful water floods. It has been 
in operation for a number of years and 
was started by drilling 10 new input 
wells among 13 old producing wells, as 
shown in Fig. 5. The primary recovery 
had been approximately 190 bbl per 
acre-foot or about 7000 bbl per acre. 
Core analyses indicated that the average 
permeability was 79.8 millidarcies an 
the average porosity 19.8 per cent. The 
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One pound... or even as little as half 
a pound of Driscose to a barrel of mud 

. gives excellent results! That means 
that only five to ten bags are required 
for a 500-barrel mud system! 


Because there are no fermentation 
problems with Driscose, no inhibitors are 
necessary. Less weighting materials 
needed, means reduced storage and in- 
ventory requirements. You use less ce- 
ment for casing strings because Driscose 
minimizes channeling. And very little 
“‘make-up”’ Driscose is needed to main- 
tain low fluid loss over a period of weeks. 


Order Driscose through your regular 
mud dealer. Packed in easy-to-handle- 
and-store, 50-pound, 6-ply, water-resist- 
ant bags. No special handling necessary. 
Add Driscose through regular hopper. 
Soluble in hot or cold water. 


*DRISCOSE is a trademark for Sodium Carboxymethylcellulose 


DRILLING SPECIALTIES COMPANY 


BARTLESVILLE, OKLAHOMA 
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The high-stgength Tripleseal joint enables you to run longer oil strings of lighter 
weight casifig than are possible with conventional threaded and coupled pipe. In addi- 
tion to saying your steel, Hydril Triplesegl casing joints are nearly 5/16” smaller in O.D. 
than reghlar couplings, and the three precision pressure seals assure you of leak- 
formance. 


Study the table below, then call the nearest Hydril sales office for complete information. 














DIMENSIONS AND PERFORMANCE RATINGS 





Performance Ratings (Tripleseal ) 










































ing Depth Minimum 
Casing, Size, Weight —— - Ultimate 
& Material Collapse Tension Joint 
~] SF=1% SF=2 Tension — 
Feet Feet 1000 Lbs. 
514-144 J-55 5,640 8,900 244 
| 5Yy—15.5# J-55 6,860 9,380 288 
5Y~-17# = J-55 8,000 9,780 330 
5\44-17# N-80 10,470 11,140 376 
51%4—20# N-80 13,480 11,790 467 
7—20# J-55 4,440 9,010 352 
7-234 J-55 5,850 9,630 436 
7—23# N-80 7,640 10,980 497 
7—26# J-55 7,220 10,090 518 
= 7—26# N-80 9,460 11,520 591 
7—29# N-80 11,320 11,920 685 
Joint Tension Strength is based on $5,000 Yield and 92,000 Ultimate for J-55 Material, 
_ and on 80,000 Yield and 105,000 Ultimate for N-80 Material. 

; The Tripleseal joint is applied to plain end casing by a Hydril-developed method of 
cold expanding one end of the pipe for the box thread and cold nosing the other end 
for the pin thread. This process efficiently distributes the metal in both the box and 
pin sections to produce high joint strength. - 

U. S. Patent 2,211,179 and Patents Pending. 
Frompl Service 
Facilities for cold forming and threading Hydril Tripleseal Casing Joints are available 
= at the Hydril factories in Houston, Texas, Rochester, Pennsylvania, and Los Angeles, 
California. 
GENERAL OFFICES: 714 WEST OLYMPIC BLVD., LOS ANGELES 15, CALIFORNIA 
CALIFORNIA CANADA OHIO PENNSYLVANIA TEXAS 
Avenal Calgary Youngstown Rochester a Christi 
0 Bokersfield LOUISIANA ce 
Les Angeles Harvey ; OKLAHOMA WYOMING Midland 
Ventura New Iberia Tulsa Casper Odessa 
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FIG. 9. Project ‘‘E”’. 


average oil saturation, using a water 
base mud and rotary cores, was 16.6 
per cent. The average residual oil satu- 
ration was 12.6 per cent. The water satu- 
ration of these cores ran 56.7 per cent 
while the water saturation of a rotary 
core, cut while circulating oil, averaged 
48 per cent on one well. The gravity of 
the oil averaged 42 API. 

Experience has shown that most input 
wells in this area, in successful water 
floods, require surface pressure after 
about six months to inject the desired 
amount of water. This was not true in 
this project where water was still going 
in under vacuum after several years. As 
there is a difference of approximately 
70 ft in the elevation of the sand on the 
lease, it has been suggested that there 
may actually be two separate sands into 
which they have been injecting water. 
Another factor is that, in spite of the 
fact that it is unusual to have bottom 
water in this area, it is evidently present 
in this project. 

To date, approximately 5,000,000 bbl 
of water has been injected and 1,155,000 
bbl of water produced. Obviously much 
of the water has gone off the lease as 
the amount of water remaining in the 
formation is enough to fill the voids 
several times over. The operator has re- 
ceived reports of increased production 
from wells one-half mile or more from 
this property and believes that these in- 
creases may have resulted from water 
injected on this project. 

The water flood recovery of this proj- 
ect is about 50 bbl per acre-foot, having 
produced around 135,000 bbl from about 
75 acres. The accumulated water oil 
ratio for the project is about 37 to 1, 
whereas, comparable ratios for success- 
ful projects in this same area have been 
about 8 to 1. Fig. 6 shows the perform- 
ance of this project since injection 
started. - 

The possible causes of failure are 
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FIG. 10. Project ‘‘E’’ performance curve. 


several. Probably the most plausible is 
that the lower part of the sand is water 
bearing and most of the water injected 
has followed this lower formation off of 
this lease due to its greater effective per- 
meability to water. Plug backs to elim- 
inate the injection of water into the bot- 
tom of the sand have not been success- 
ful. The operator has tried lowering the 
injection pressure to reduce the differ- 
ential pressure on these plugs but to no 
avail. Later it was suggested that a very 
high rate of injection to satisfy the water 
sand and still provide additional pres- 
sure for iniection into the oil sand might 
be successful. This was attempted but 


YEAR 


ai 46 51 


Fig. 7 is a sketch of the spacing pattern 
and also gives the maximum oil and 
water production rates during the flood 
program. The project had produced ap- 
proximately 11,500 bbl per acre from 
about 85 ft of sand during the primary 
period. All of the input wells were newly 
drilled with casing cemented on top of 
the sand. No new producers were drilled 
but the old ones were all cleaned out and 
drilled deeper through the sand. Fresh 
water was used for injection and surface 
pressures ranged from 0 to 80 psi gage. 
Three of the new input wells were cored 
and the analyses showed the following 
information: 











Third well 





Core data First well Second well 
a 19 20 19 
Permeability Md. rOM@e. ....... 0. ccc cccccccccess 30-140 (Top 75 ft) 25-100 30-175 
Permeability md. average....................-.- 80 75 100 
I CE on. vc caciccvcscescvsceeevnseeoeonns (Bot. 20 ft) 500-1200 
Permeability md. average......,.............--- 850 
Oil Saturation % range....... Span: dkdiaiad er dbdenacetar 10-30 15-42 10-37 
Oil Saturation % average.....................--- ba 19 32 20 











only resulted in increasing the rate of 
oil production in one well. 

It was also suggested that the surface 
of the sand in the producing wells may 
have become coated with a carbonate 
deposit which has been noticed on the 
sucker rods from some wells, or that the 
upper part of the oil sand may have be- 
come coated with cement during the 
cementing of the casing. Because of this, 
they have experimented with acidizing 
these wells, but so far have obtained 
only an increase in water production. It 
has also been suggested that the high 
connate water values doomed the project 
from the start. 

Be that as it may, it is the operator’s 
opinion that the lack of success is due 
to the channeling or loss of water in 
the underlying water sand. 


Project “D"’ 


This was a water flood in a Pennsy]- 
vanian sand in the Mid-Continent area. 


Fig. 8 gives the performance of this 
project and illustrates the reaction of 
the reservoir to the input water. 

It is apparent that insufficient fluids 
were produced from this property to ac- 
count for the volume injected during 
the time covered by this program when 
2,500,000 bbl of water were pumped into 
the reservoir while 40,000 bbl of oil and 
400,000 bbl of water were produced. The 
operator calculated the volume of the 
empty pore space in the pilot area at 
the beginning of the flood at 435,000 
bbl. It is evident that considerable quan- 
tities of this input water migrated 0 
of the lease when it is noted that wells 
on adjoining leases and not cooperating 
in this injection program increased in 
their volumes of produced water. Since 
they did not also experience a similar 
increase in oil production, the other op- 
erators protested vigorously and the in- 
jection rate was first severely curtailed 
and the program was finally abandoned. 
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LESS RIG TIME 


with new McCullough Electric Wire Line Tools 





JOBS SELECTED FROM RECENT McCULLOUGH FIELD REPORTS 






























































*RIG TIME McCULLOUGH TOOL JOB ACCOMPLISHED 
54 MINUTES Glass Jet Perforator 72 holes shot at 4000 feet (greatest depth) 
ONE HOUR 10 MINUTES Magna-Tector Located stuck point at 4500 feet 
i ONE HOUR 15 MINUTES Jet Bottom Hole Cutter Fragmentized junk at 1200 feet—two runs 
d ONE HOUR 45 MINUTES String Shot Backed-off tool joint at 6500 feet 
)- = 
n ONE HOUR 55 MINUTES Jet Back-Off Tool Backed-off tool joint at 7000 feet 
: TWO HOURS 20 MINUTES Type “B” Bridging Plug Set plug at 6400 feet 
if and running Feeler 
: THREE HOURS 45 MINUTES Glass Jet Perforator 126 holes shot at 3600 feet (greatest depth) 
h FOUR HOURS 15 MINUTES Radiation Well Logger Logging from 5600 feet to surface 
€ (Gamma Ray) 
e © —OOOoOOO 
d FIVE HOURS Burrless Bullet Perforator 270 holes shot at 8200 feet (greatest depth) 
ie FIVE HOURS 10 MINUTES _ Jet Casing Cutter and running Feeler Casing cut at 13,000 feet 
. FIVE HOURS 45 MINUTES Neutron Log . Logging from 4600 feet to 1000 feet 
SIX HOURS 15 MINUTES Combination Glass Jet and 306 holes shot at 8000 feet ° 
Burrless Bullet Perforators (greatest depth) 
38 HOURS Glass Jet Perforator 3700 holes shot at 10,000 
: . feet (greatest depth) 
m4 73 HOURS Burrless Bullet Perforator 7752 holes shot at 5000 feet 
. (greatest depth) 
¢ can hameeacictahas a 
*Includes setting-up at rig and tearing down equipment 
ids 
AC ACTUAL RIG TIME DEPENDS UPON WELL CONDITIONS. YOU CAN BE SURE McCULLOUGH WILL SAVE RIG TIME. 
ng The above jobs are not the fastest, nor are they average All McCullough electric wire line tools are electronically 
en time. Well conditions vary to such an extent that the average controlled at the surface, both visibly and audibly. This per- 
ito nig time for any specific job or tool can not be determined mits the tools to be run faster and to be positioned accu- 
nd accurately. Yet, many of these jobs were accomplished under rately. Thoroughly experienced servicemen, with years of 
he severe conditions, and completed successfully in a few min- practical oil field experience, assure you reliable, consistent 
rhe utes or hours. results—in less time. 
so CALL YOUR McCULLOUGH SERVICE ENGINEER TODAY 
an- 
: — PERFORATING, TESTING AND FISHING SERVICE ANYWHERE — ANYTIME! 
- McCULLOUGH TOOL COMPANY _ SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco, 
nce 5820 . P Carpus Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichita Falls, 
ilar 405 deen ee rey ls vccaun feces Luling, Beaumont, Sherman, Hadacol. OKLAHOMA: Oklahoma City, Guy- 
op- ame j mon, Healdton. MISSISSIPPI: Laurel. NEW MEXICO: Hobbs. KANSAS: 
in- EXPORT OFFICE: Los Angeles, California Great Bend. WYOMING: Casper. CALIFORNIA: Los Angeles, Avenal, 
iled CANADA: Edmonton, Calgary, Grande Prairie, Alb.; Regina, Saskatchewan Bakersfield, Ventura. LOUISIANA: Houma, Lake Charles, New Iberia, Shreve- 
red. VENEZUELA: United Oilwell Service Co.,$.A.; Caracas, Anaco, Maracaibo port, COLORADO: Sterling. NORTH DAKOTA: Williston. UTAH: Vernal 
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It was the operator’s opinion that the 
high permeability of this sand to water, 
especially in the lower productive sec- 
tion, was too great to permit any sig- 
nificant quantity of oil to be displaced. 


Project “E”’ 


This is a water flood project in a 
Pennsylvanian sand in the Mid-Contin- 
ent area. The reservoir is a stratigraphic 
trap, dipping 225 ft in a distance of one- 
half mile. The oil productive zone was 
overlain by an original gas zone, and 
underlain by a non-encroaching water 
zone containing a 25 ft oil-water transi- 
tion zone. Core analyses indicated an 
average gross oil sand thickness of 40 ft, 
with an effective sand thickness of 20 
ft. The average porosity was 22 per cent 
and the specific permeability to air 
varied from 0 to 295 millidarcies, with 
an average value of 71 millidarcies. 
Furthermore, the cores showed that the 
producing zone consisted of badly 
broken thin sand and shale streaks. 
These sand streaks were rarely found to 
be greater than 12 inches thick. The 
average oil saturation of both the cable 
tool and rotary cores was approximately 
4G per cent and a water flood recovery 
of approximately 1000 bbl per acre was 
predicted at the beginning of the flood. 
The gravity of the oil is 40 to 41 API 
and the viscosity is 5.0 centipoises at 
reservoir temperature of 70 F. 

A 40 acre pilot flood was started with 
Fig. 9 showing the arrangement of the 
six irregularly spaced oil wells, which 
were then making approximately 2.5 bbl 
of oil daily. The primary recovery on 
this 40 acre tract was 3900 bbl per acre. 
At the time the flooding operation was 
commenced, two new injection wells 
were drilled, and one old producing well 
was converted to a water injection well. 
One newly drilled injection well and the 
converted producer were cased on top of 
the sand while the other newly drilled 
injection well was cased through the 
sand and gun perforated opposite the 
effective sand sections. The two wells 
cased on top of the sand took water 
initially by gravity head alone, at the 
rate of 10 bb! per day per foot of effec- 
tive pay, whereas the injection well 
cased through the producing zone took 
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FIG. 11. Project ‘E’’ performance curve. 


10 bbl per foot of effective pay at a 
surface pressure of 200 psi. Fresh water 
is used for injection and is not treated 
or filtered. At the present time, an in- 
jection pressure of 600 psi is required. 

An increase in production was noted 
only 120 days after injection was begun. 
This increase continued until the lease 
production reached a maximum of 26 
bbl daily, but it then declined rapidly to 
14 bbl per day. This latter rate was 
maintained for several years, and at this 
time, seven years since injection com- 
menced, the rate is 12 bbl per day. A 
gradual increase in produced water has 
occurred during the last seven years, 
and the present water-oil ratio is 12 to 
1. To date the water flood recovery has 
been 914 bbl of oil per acre with a ratio 
of 31 bbl of water injected for each bar- 
rel of secondary oil recovered. Fig. 10 
shows the performance of this 40-acre 
project. 

In addition, there is an adjacent one- 
well lease that is affected by this pro- 
gram. To date, 9131 bbl of secondary 





ELECTRONIC REGULATOR 


By way of electronics comes a static 
regulator with faster response than the 
conventional hydraulic governor gives. 

The electronic governor can give a 
steady-state regulation (change in fre- 
quency from no load to full load) of one 
half of one per cent. The amount of over- 
shoot when recovering from a transient 
condition has been reduced considerably. 
And recovery time to a steady-state condi- 
tion with sudden removal or addition of 
full load is limited to less than two per 
cent addition to the speed regulation. 

The basic part of the electronic unit is 
a frequency network that detects the vari- 


ation from the basic frequency and pro- 
vides a signal voltage proportional to 
this deviation. This signal voltage is oper- 
ated on by a stability network and ampli- 
fied to control the solenoid cup valve— 
the important connecting link between the 
hydraulic system and the electronic sys- 
tem. The solenoid cup valve, in turn, 
controls the hydraulically operated steam- 
inlet valves. 

This unit was designed specifically for 
a small turbine-generator set, but is 
equally applicable to diesel and carbu- 
retor-type engine-driven generators and 
to large central-station equipments. 
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oil has been recovered from the one-well 
lease. For the 18 years prior to the 
initiation of the water flood operations, 
the one-well lease produced at a rate of 
34ths of a barrel of oil per day and had 
a cumulative primary recovery of 9617 
bbl of oil. This performance is shown 
in Fig. 11. 

The operator of this project attributes 
the failure to recover sufficient secondary 
oil to the broken nature of the thin 
reservoir sand streaks. In addition the 
added expense caused by the drilling of 
new water input wells, because of the 
insufficient number of older producing 
wells available for conversion, also con- 
tributed to the loss of money on the 
project. It is also evident that there has 
been considerable migration of injec- 
tion water to adjoining properties. 


Conclusions 


These five projects described here 
have demonstrated varying degrees of 
unsatisfactory results for the following 
reasons: 

Unfavorable reservoir fluid character- 
istics (connate water too high). 

Unfavorable structural conditions (ex- 
istance of bottom water sand with a 
high water permeability) (channels in 
lime stone). 

This second reason also contributes to 
another general classification in which 
there is a faulty vertical distribution of 
input fluid, due sometimes to the in- 
ability to plug back successfully and 
also to “pressure parting”. 

There are various other causes in ad- 
dition to these, such as plugged input 
wells, insufficient oil saturation, exces- 
sive oil viscosity, high clay content of 
sand, etc. These various reasons an 
their application to these examples, 
however, only serve to emphasize the 
importance of a thorough and searching 
analysis of any project before starting 
operations. zee 
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West Texas and New Mexico 





Seismograph Interpretation as Related 


to Changes in Sedimentary Section’ 


Introduction 


Asour 2 years ago many budgets in 
the industry were rather severely 
pruned, not that 1949 was a bad year— 
it just was not as good as 1948. This re- 
lief from pressure allowed time to con- 
centrate on some of the interesting jobs 
that could not be justified on the basis 
of expediency. The writers undertook 
a study of regional velocity conditions 
in the Permian Basin of West Texas 
and New Mexico, based on about 50 
well velocity surveys then in the files of 
the Honolulu Oil Corporation. The pre- 
liminary investigations disclosed such 
striking conditions that it was evident 
more control was needed. After a deter- 
mined drive to secure all available sur- 
veys by trade and purchase, it became 
obvious that not enough wells had been 
shot. In order to promote more well sur- 
veys the prototype of this paper was 
prepared and given where and when- 
ever ahy group would listen. The pur- 
pose in publishing is still the same—to 
stimulate interest in making velocity 
surveys. 





tReprinted from the Bulletin of the Ameri- 
can Association of Petroleum Geologists, Vol. 
36, No. 4 April, 1952. 
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Relationship of Lithology 
to Velocity 

In the upper part of Fig. 1 an ideal- 
ized generalization of the recognized fa- 
cies of typical Permian sedimentation 
is illustrated. The principal rock types 
are represented by symbols and the char- 
acteristic inherent velocities are shown 
for each lithologic type. Such general- 
izations are subject to criticism, how- 
ever, this is a sedimentation sequence 
that has long been recognized by the 
geologists who have worked in the Per- 
mian Basin. 

The central parts of the basin that 
may be assumed to have been the deep- 
est, and farthest from shore, received 
principally deposits of fine-grained clas- 
tics. These black, green, and gray shales 
and fine silty sands, of which the Spra- 
berry and Dean sands are examples, 
have a velocity of approximately 12,000- 
13,000-ft per second. Shoreward, these 
clastics grade into and interfinger with 
dark, hard, tight, bedded limestones and 
eventually are completed replaced by 
them. This basin type limestone has a 
range in velocity from 16,000 to 18,000 
ft per second. As the reef line is ap- 
proached, the limestone changes in 
character. It becomes clean, massive, 


dolomitic, and porous. Velocities meas- 
ured in sections of this type of deposit 
show variations from 18,000 to 24,000 
ft per second. As nearly as this can be 
correlated, the cleaner and more dolo- 
mitic parts have the highest velocity. 
Some workers think that the value 24.- 
000 ft per second is too high, but the 
writers believe that some measurements 
of this magnitude are credible. Certain- 
ly, interval values of 22,000-23,000 ft per 
second are common. 


Back of the reef line, or landward, 
the massive material grades laterally 
into hard, tight, gray, bedded limestone 
and dolomite. Although this material 
might differ genetically and in appear- 
ance from the limestone deposited bas- 
inward from the reef, its response to 
sound waves is similar. They travel 
through these rocks at 16,000-18.000 ft 
per second. The limestones and dolo- 
mites of this facies gradually become 
interfingered with the common evapo 
rites, halite and anhydrite, until finally 
massive sections of these materials are 
found. A nearly constant velocity of ap- 
proximately 14,000 ft per second is com- 
mon to these salts. Shoreward these 
evaporites give way to the gypsiferous, 
variegated sands and clay shales char- 
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The Type “H1” Hydraulic Anchor is recommended for 


* 
any other comparable production-type packer —as a iy u | b a r S$ c fr 


positive means of holding the packer and tubing down 
Jj while the well is pressured below the packer, as in # yd r au | i Cc 
acidizing or formation-fracture processes. It is also rec- 

ommended for use in anchoring the tubing and packer 

in gas or water injection wells where the tubing pres- A n ch ® r 

sure will exceed the casing pressure. The “H1” can be 
effectively used as a Hydraulic Anchor to keep the 
tubing from “breathing” in pumping wells having low 
working fluid levels. 




















Simplicity of design and completely automatic 
operation make the “H1” exceedingly easy-running, 
easy-pulling — it may even be run upside down with- 
out the slightest effect on its operation. Case hardened 
piston slips in Monel inserts assure positive action and 
maximum corrosion resistance. Piston slips operate 
independently and provide equal distribution of grip- 


pas- 


osit ping force against the casing I.D. with no localized high 
cs pressure areas. This, coupled with a limited piston slip 
olo- stroke, positively precludes swaging or damaging casing 
a in any way. Piston slip gripping area is 100% effective 
the 


in any weight casing within the anchor size range. “H1” 
anchors are individually tested and will hold any pres- 
sure the tubing will stand. 
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acteristic of non-marine deposition. This 
material has a wide range of response 
to sound waves and they travel through 
it at rates that vary from 8000 to 12,000 
ft per second. 

In the lower part of Fig. 1 is shown by 
graph the two-way travel time through 
3000 ft of the rocks. This has been com- 
puted with the assumption of linear 
changes in the velocity between the ex- 
treme values designated for each rock 
type. This graph represents the profile 
of an isochron map that would be ob- 
tained if one were to shoot on the top 
surface of the section shown in the up- 
per part of this figure and map a reflec- 
tion from a constant depth of 3000 ft. 
The two-way time through the basin- 
type section is 1% sec. It gradually de- 
creases toward the reef line as more and 
more of the high-velocity material is in- 
cluded within the constant interval of 
3000 ft. At the reef line where the high- 
est velocity material occurs, the two-way 
travel time has decreased to %4 sec, 
a 100 per cent change. After reaching 
this minimum the time gradually in- 
creases shoreward until in the lowest 
velocity clastics a two-way travel time of 
34 sec is observed, a 300 per cent change 
from the minimum. If this range of travel 
times had been observed in a reflection 
survey, and the data computed at a con- 
stant velocity of 14,000 ft per second, 
we would have shown a dip of 1750 ft 
toward the left side of the figure and 
3500 ft toward the right side of the fig- 
ure. We would be in error by an amount 
in excess of the total thickness of the 
unit being surveyed. This would be a 
false structure of magnificent propor- 
tions. False structures due entirely to 
circumstances as here described but of 
less magnitude have been shot and have 
been drilled. 

In the Pennsylvanian section in this 
area, apparently we are dealing only 
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with the basin-type rocks. At least we 
do not observe the dolomites, reef-line 
or back-reef facies. Fig. 2 represents, 
in the upper part, a cross section of an 
idealized Pennsylvanian reef. These bio- 
herm growths are surrounded by typi- 
cal basin-type clastics, dark shales and 
sands, with velocities characteristic of 
these rocks, 12,000-14,000 ft per sec- 
ond. The reef materials have velocities 
of 16,000-18,000 ft per second, which 
are comparable with those observed in 
typical basin-type limestones. In the 
lower part of the figure a graph shows 
the two-way travel time through 2000 
ft of Pennsylvanian clastics in a part 
of which 1200 ft of reef has been buried. 
The two-way travel time remains con- 
stant at about 1/3 sec until the reef 
material is encountered and then it de- 
creases to about 14 sec at the thickest 


part of the reef, a decrease of about 20 
per cent. If we were shooting at the 
top of the Pennsylvanian and recording 
a reflection from a constant depth of 
2000 ft, we would observe a decrease 
in travel time over the reef of 0.067 sec. 
If these travel times were converted to 
depth, and a constant velocity of 12,000 
ft per second were used, we would map 
a reversal amounting to 402 ft over the 
reef. In this particular case, the velocity 
change operates to the advantage of the 
geophysicist, since it is immaterial 
whether the feature mapped is a struc- 
ture or a velocity anomaly due to reef.- 
ing. The important thing is to find oil. 
To date, velocity anomalies mapped in 
the Pennsylvanian rocks have paid rich 
rewards, but to the writers’ knowledge 
this is not true of the Permian section. 
Some day these, too, may pay off. 
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Now available 
to all operators 


The New Totco Double Recorder, a 
“self-checking” mechanical drift indicator, 


provides the ultimate in simple operation, 


sustained accuracy, and dependable 
service. Proved in operation, over 1000 
in daily use, this new instrument is now 
offered for sale outside the U.S.A. 


The New Totco 


The Totco Double Recorder eliminates all 
doubt about a “wild record.” It produces 
two positive, easily read records...the angle 
indicator and chart holder each move 
between the recordings. Both records are 
taken within a 20-second period. 

With identical records 


you can be sre you know. 
Write our distributors today 
for detailed information. 















", Recorder 


FIRST RECORD SECOND RECORD 


FIRST RECORD 


Technical Oil Tool Corporation 
1057 N. La Brea Ave., Los Angeles 38, Calif. 


EXCLUSIVE DISTRIBUTORS: 


California—The Republic Supply Co. of California 
Domestic—The Continental Supply Company 
Canada—Oil Well Supply Division 

United States Steel Company 
Export—Lucey Export Corporation, New York City 
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FIG. 5. 


Observed Velocity Changes 

The following illustrations are win- 
dows taken out of regional velocity 
maps. As previously pointed out, these 
are disguised and may be identified only 
in the most general terms. County lines 
are added for the purpose of providing 
a scale but are not in proper position. 

Figs. 3-5 are situated in the northern 
part of the Midland basin, slightly west 
of the central axis. The contours are 
controlled by data from four wells in 
the area represented by the plot. In Fig. 
3 the average velocity from a datum 
plane to the top of the Ellenburger is 
shown. This represents the average ve- 
locity for traveLof sound waves through 
rocks of Triassic, Permian, Pennsy]l- 
vanian, and Mississippian age. The 
strike is northeast, with a uniform gra- 
dient of increasing velocity northwest. 
The total change is 1700 ft per second 
or in excess of 10 per cent of the whole. 

This over-all average is broken down 
into the velocity through the Triassic- 
Permian sections and that through the 
Pennsylvanian - Mississippian rocks. 
These values are shown in Figs. 4 and 
5. Since the Triassic section is relative- 
ly thin and uniform, the gradient in 
Fig. 4 is correlated with lithologic 
changes in the Permian section which 
represent a net increase in calcareous 
materials at the expense of the clastics. 
The strike is approximately east-west 
and the velocity decreases toward the 
south. Since the Mississippian interval 
is uniform in composition and thickness, 
the velocity changes in Fig. 5 are due 
entirely to lithologic changes in the 
Pennsylvanian section and are related 
to a build-up of reef limestone at the 
expense of shale. Note that the strike is 
at right angles to that of the Permian 
velocities and decreases toward the east. 


B-40 


Prolific reef production is developed at 
northwest edge of contoured area. 

On the east side of the Midland basin 
the superposition of a Permian reef 
over a Pennsylvanian reef combines to 
develop some startling velocity changes 
(Fig. 6). Since the Triassic is very thin 
on the west side of the map and absent 
on the east side, the values are based 
on the rate of propagation of sound 
waves from a datum, principally through 
Permian, Pennsylvanian, and Missis- 
sippian strata. There is a general north- 
south alignment of the contours with a 
pronounced reversal of the steep west- 
ward component to an equally severe 
rate of decreasing velocity toward the 
east. The maximum change is approx- 
imately 20 per cent of the whole, and 
depths computed on constant velocity 
on an east-west traverse across this map 
would be in error by that amount. 


The average velocity from datum to 
the top of the Pennsylvanian rocks is 
the subject for Fig. 7. This is similar 
to the previous illustration except that 
the north-south elongation is more pro- 
nounced and the gradients are slightly 
steeper. The high-velocity ridge is re- 
lated to the development of a clean dol- 
omitic reef in the Clear Fork-Wolfcamp 
part of the Permian and is well known 
to geologists who have worked on the 
east side of the Midland basin. To date 
this reef has produced oil in only a mi- 
nor way but perhaps has not yet been 
tested in the right place. 

The Pennsylvanian reefs which are 
prolific on the east side of the Midland 
basin are shown in Fig. 8 by the high- 
velocity ridge which runs southwest 
from the north-central part of the map. 
The values that are contoured here are 
of the average interval velocity from the 
top of the Pennsylvanian rocks to the 
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top of the Ellenburger dolomite. As 
there is only a thin wedge of Mississip- 
pian section present here, the changes 
in velocity are directly related to lith- 
ologic changes from shale to limestone. 
The reversal in gradient is a reflection 
of the reefs from which oil is produced. 
The regional increase in value of veloc- 
ity toward the southwestern part of the 
ridge is an expression of the regional 
increase of total limestone content in 
the Pennsylvanian section, which far- 
ther west becomes almost 100 per cent 
limestone, and values of velocity for this 
interval of approximately 18,000 ft per 
second are observed. 

This illustration epitomizes the view 
that the velocity contours can be thought 
of as a means of representing lithologic 
changes by numbers. Certainly the re- 
lationship is direct, concise, and factual. 
This is one of the most striking features 
of this study. : 


In the southeastern part of the Mid- 
land basin the principal shooting meth- 
od used to date has been refraction. 
This method is affected by velocity 
changes to an even greater extent than 
the reflection method. Figs. 9, 10, and 
11, controlled by five surveys, show one 
total velocity anomaly in this area and 
its component parts. In Fig. 9 the total 
average velocity is contoured, that is, 
from datum to the top of the Ellenburg- 
er. Within about 4 miles the change is 
from 13,000 to 15,000 ft per second. 
The upper component or the interval 
from the datum to the top of the Penn- 
sylvanian is depicted in Fig. 10. Over 
the same 4 miles the velocity changes 
from 12,500 to 16,200 ft per second or 
an over-all change of approximately 30 
per cent. This is related to a dolomitic 
reef which is developed in the San An- 
dres part of the Permian section. Inter- 
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val velocities in excess of 20,000 ft per 


second are observed so that unless the vindicated. 


refraction work was done carefully 
there would be a tendency to skip re- 
fractors, thus magnifying the error. 
Fig. 11 is the average interval veloc- 
ity from the top of the Pennsylvanian 
section to the top of the Ellenburger. 
The increase of velocity toward the cen- 
tral part of this plat is indicative of reef 
build-up and increase in total lime- 
stone content there. Since this map was 
prepared, two flowing discoveries from 


























diate points has been impossible, small- 
er units of interval velocities are no 
shown. The extremely high values in the 
southwestern part of the plat are cor- 
related with the reef facies of the Up- 


here, and the foregoing view has been 


These velocity changes are a function 
of geologic conditions and are i 


way related to statutory boundar 








These county lines are for scale only. 
They ore not properly located. 
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per Permian and a predominantly lime- 
one section of Pennsylvanian and Mis- 
sissippian age. The diminution of val- 
ues of velocity in all directions from 
is an expression of the lith- 
ologic changes within the Permian and 
Pennsylvanian units. The smoothness 
and regularity of the contours are at- 
tributed to the scarcity of data and are 


12 is of southeastern New Mexico. As 
there is a wide range in elevation across 
this map, the values were not adjusted 
to a flat datum, but the observed survey 
data were used. In effect this constitutes 
use of a sloping reference plane. The 
base of the Mississippian rocks was 
used as the other reference. As the geol- 
Pennsylvanian reefs have been made ogic correlation of suitable interme- 
































AVERAGE VELOCITY 
DATUM TO 











TOP OF ELLENBURGER 
Contour interval 10Oft./ sec. 
March 14,1950 


Scole : 
5 miles 


















0 AVERAGE VELOCITY 








TOP OF PENNSYLVANIAN 
100Cft. 

















THE PETROLEUM ENGINEER, Reference Annual, 1952 























































These county lines ore for scale only. 
They ore not properly located. 

















—_—— 





3 
These county lines are for scale only. » 





















| \\ LEE ac agers monacha a 
| \\ ! igo mes ———— 


l 


pa ee nn 
 __=\ 
iE \\ 
Li g9\\\I|\| 
Ye 






















| Wy YY 
| \QvF 7% 


S37 
SS 2H AVERAGE INTERVAL VELOCITY 


ML EEO) | 
/ Yess Se ; j U1 VELOCITY 
|_.__ S47 __.| Sareea Y YY, ni te presse 
j | Oe ated LE Guy [\ \ Moy 4,950 











O00 tend 
5 miles 


























FIG. 11. FIG. 12. 

ll. 
“ not regarded as an expression of line- mian part of the observed interval here What Is Enough Velocity Control? 
vr arity in the geologic changes. It seems represented. The low-relief _reversal in Some operators seem to feel that if 
“ reasonable to believe that as soon as the central part of the basin is an ex- they have one survey per county the 
e- more data are available, this too will as- pression of the fact that in this locality density of velocity control is sufficient 
* sume a complexity comparable with — the Pennsylvanian section is nearly 100 _and no more data are necessary. Actual- 
a]. other parts of the general area. per cent limestone. The sharp high ly the need for control is not a matter 
m One is often able to demonstrate al- which appears near the east end of the of uniform geographic distribution of 
h- most any thesis by the careful selection profile is a combination of the effect of velocity surveys but is related to the 
nd of special isolated cases. If it were pos- the Clear Fork-Wolfcamp reef on the rate of geologic change. The contours 
358 sible to show the regional maps, every- _ eastern side of the Midland Permian _ in Fig. 14 are based on velocity surveys 
at: one would be convinced immediately Basin and the Pennsylvanian reef which from 16 wells in an area of about 1% 
re that this ruse was not attempted here. is oil-bearing in Scurry County. As counties. This is far better control than 

As this is impossible because of restric- these hard materials grade into clastics we generally have. Comparison of this 

tions due to secrecy, the next best plan the velocity suffers a like deteriora- illustration with Fig. 6 made seven 
* is followed. North-south and east-west tion in value. months later, shows the interval is the 


| velocity profiles are shown. The average 
values are taken from datum to the top FIG. 13 
of the pre-Mississippian rocks. The piles 
north-south cross section, upper half of 
- Fig. 13, runs roughly from near Crosby- 
ton to near Eldorado. The highest val- 
ues are associated with the Permian 
| and Pennsylvanian reefs in Scurry 
County. 
| There are five segments where the 
gradient is reversed from regional. The 
maximum change.is about 30 per 
cent. This profile is based on reliable 
but insufficient data. More information 
is expected to make this pattern increas- 
ingly complex. 
| The line of profile in the lower half 
of Fig. 13 runs southeastward across 
southeastern New Mexico to the vicin- 
ity of the state line, then eastward 
across the center of the Midland basin 
and finishes with a southeast course 
- across part of the Eastern Shelf area. 
rom an extreme high in New Mexico, 
the one shown in Fig. 12, the values de- 
AN crease to the center of the Midland ba- 





sec. sin where a low-relief twin reversal 
of gradient is observed. The basinward 
diminution of velocity is correlated with 


the off-reef transition from carbonates 
to clastics which occurs within the Per- 
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FIG. 16. 


same, from datum to the top of the El- 
lenburger, and it is the same area. Data 
from only four more wells are added 
but there is marked difference in the 
two maps, especially in the western half. 
Obviously, Fig. 14 is based on insuffic- 
ient data. 

As smaller and smaller anomalies are 
sought and tested it becomes more and 
more necessary to have closer and closer 
velocity control. The velocity changes 
are associated with geologic variations 
and, as the geology becomes elucidated, 


B-46 


FIG. 15. 
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so too must the related physical prop- 
erty of velocity. The number of surveys 
needed is in direct relationship to the 
geologic complexity of an area. 


Effects of Velocity Changes 


As pointed out previously, the two- 
way travel time from a near surface 
shot to a reflector and back again is a 
function not only of the structural con- 
figuration of the reflector but also of 
whatever velocity changes occur be- 
tween the shot and the reflector. There 


FIG. 17. 


are many examples that would demon- 
strate this phenomenon but perhaps 
none is more striking than that associat- 
ed with the producing Pennsylvanian 
reefs on the east side of the Midland 
basin. Fig. 15 is an east-west geologic 
section on line AA’ of Figs. 6, 7, and 
8; and Fig. 16 is a profile of the velocity 
distribution and the two-way travel time 
through a thickness of strata that closely 
approximates that which actually occurs. 

In the upper part of Fig. 16 the av- 
erage velocity through the Permian sec- 
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tion is shown by a heavy line. By com- 
parison with the geologic section (Fig. 
15), it is obvious that the highest veloc- 
ity is directly related to the massive reef 
dolomite in the Clear Fork and lower- 
most Permian. The decrease of velocity 
westward is a normal basinward de- 
cline representing the transition from 
limestone to shale and sand. The east- 
ward diminution of velocity is a measure 
not only of the change from massive 
reef dolomite to limestone and then to 
limestone, shale, and chert, but repre- 
sents too the change in the San Andres 
formation from dolomite to dolomite 
and anhydrite. The two-way travel time 
through 5000 ft of this material is 
shown by the heavy line in the center 
of the figure. Naturally this is identical 
in shape with the curve of velocity dis- 
tribution but is in reciprocal relation- 
ship, that is, the highest velocity corre- 
sponds with the shortest travel time. 

The average interval velocity through 
the Pennsylvanian-Mississippian sec- 
tion is shown by the dashed line in the 
upper part of the figure. Comparison 
with Fig. 15 shows the close relationship 
of the abrupt velocity increase to the 
reef protuberance above the limestone 
plain. The extremely low values of ve- 
locity reached in the eastward part of 
the curve is essentially a shale velocity, 
for here very little limestone is present. 
The dashed line is again used in the 
center of the figure to show the two-way 
travel time through 2500 ft of the Penn- 
sylvanian-Mississippian material. 

The lowermost curve shows the sum 
of the two center curves or the total 
two-way travel time that would be meas- 
ured from a datum through 7500 ft of 
sediments to a flat Ellenburger. Now 
two highs are shown, of equal inten- 
sity, one representing the Clear Fork 


FIG. 18. 
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reef, prolific in sulfur water, the other 
the combination Clear Fork and Penn- 
sylvanian reef. If we knew nothing of 
the velocity distribution we would inter- 
pret this as representing almost 0.200 
sec of east dip or approximately 1400 
ft. As this is about three times the ob- 
served west dip on the Ellenburger, in 
actual shooting we would show about 
900 ft of fictitious east dip instead of the 
500 ft of west dip. 

What actually happened in practice 
is that due to regional tilt, the high over 
the Pennsylvanian reef was mapped 
higher than that over the Clear Fork 
reef and the discovery well was fortui- 
tously located for Pennsylvanian pro- 
duction. Such a fortunate combination 
of circumstances is not always the case 
and by geologic logic is probably an 
exception rather than the rule. These 
reefs are not only separated vertically 
by a considerable thickness of shale, but 
there was tilting between these two pe- 
riods of reefing that redefined the po- 
sitions of the depositional basins. For 
the depositional facies of these basins 
to coincide everywhere would seem to 
be purely fortuitous. 


As an example of what could happen 
and as illustrative of conditions in other 
parts of the area, the basic data of Fig. 
16 are retained but the relative posi- 
tions of the Permian and Pennsylvanian 
reefs are changed. In Fig. 17 the Penn- 
sylvanian has been moved a dozen miles 
westward relative to the Permian reef. 
In the upper part of the figure the 
dashed line represents the velocity dis- 
tribution through the Pennsylvanian sec- 
tion, the heavy line the velocity distribu- 
tion through the Permian strata. In the 
center of the illustration the dashed line 
represents the two-way travel time 
through 2500 ft of Pennsylvanian rocks 








and the heavy line the two-way rave] 
time through 5000 ft of Permian : ocks, 
The single heavy line at the bottom of 
the figure is the isochron profile from 
datum to a flat Ellenburger and ‘s the 
sum of the superior curves. In this cage 
the Pennsylvanian reef is on the flank of 
the main high, and edge prod:ction 
might be developed on it by drilling a 
well on the very top of the seismezraph 
anomaly. 

When the Pennsylvanian reef is arbi. 
trarily moved a dozen miles eas‘ ward 
relative to the Permian reef, quite dif. 
ferent conditions are found and « com. 
plete miss is indicated. In Fig. 18 this 
case is illustrated. The same symbols 
have been used as in the previous illus. 
trations. On the isochron profile at the 
bottom of the figure the Pennsylvanian 
reef shows only as a terrace low on the 
flank of a double-lobed high. A Penn. 
sylvanian reef with a 600-ft oil column 
is almost completely obscured by an 
adverse velocity distribution in the beds 
above it. 

It does not matter whether the ob- 
served shooting anomalies are related 
to sedimentation or to structure; they 
can be confused in interpretation and 
obscured by erratic or unknown velocity 
distribution. To avoid this it is neces- 
sary to know the regional velocity trend 
and their relationship to the sedimen- 
tary sequence. 


Use of Isochron Maps 


An isochron is merely a line repre- 
senting equal time. If seismograph 
maps are carried in time, since that is 
what is measured, instead of depth, 
which is a product of time and velocity, 
then the contours on a time map are iso- 
chrons. If the time interval between suc- 
cessive horizons is contoured, such con- 


FIG. 19. 
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tours can probably be called isochron- 
opachs and are lines denoting equal 
time intervals. Studies of this type have 
been made for years by the more adept 
geophysicists, and in conjunction with 
known facts related to regional velocity 
distribution they permit interesting pre- 
dictions about the geologic section. As 
demonstrated in Figs. 1 and 2, changes 
in the time interval are related to lith- 
ologic variation in a particular time 
stratigraphic unit. By the aforemen- 
tioned equation, time is equal to depth 
or distance divided by velocity. Thus, 
time maps, or time interval maps, repre- 
sent two variables: Distance and veloc- 
ity. If by regional well control we can 
know what is happening to the various 





stratigraphic intervals, then we can es- 
timate to what degree time changes are 
related to changing geologic intervals 
and how much to varying velocity. The 
velocity changes can then be related to 
lithologic conditions. Conversely, if we 
have good velocity control, we can read- 
ily estimate the amount by which the va- 
riations in the time interval are related 
to changes in thickness. If changes in 
time are related to changes in distance 
or thickness, we deal with structure; 
otherwise, time changes are related to 
lithologic changes. 

The velocity distribution from the top 
of the Pennsylvanian to the top of the 
Ellenburger (Fig. 8) has been used to 
compute the travel time through 2500 
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ft of material with the velocity charac. 
teristics. The results are shown in Fig. 
19. This is analogous to that which is ob. 
served here in mapping the interv:! in 
time from the top of the Pennsylvanian 
to the top of the Ellenburger. The rela. 
tionship of lithologic changes to veloc. 
ity being known and the thickness of 
material being constant, it follows nat. 
urally that the smallest times represent 
reefs or higher percentages of calca- 
reous materials. This type of study js 
recommended for many problems; it 
has been found profitable. Before under. 
taking such investigations it is desir. 
able to have good regional velocity con- 
trol as well as all possible well control. 


Conclusions 


The seismograph is established as an 
exploration tool and occupies a pre-em- 
inent place in any budget which encom- 
passes an integrated exploration pro- 
gram. Not only is the cost of seismo- 
graph operations a major item, but sub- 
sequent expenditures for land and drill- 
ing are dependent on the information 
derived. The necessity for obtaining the 
maximum return from the investment in 
seismograph work can not be over-em- 
phasized. Now that the seismograph is 
being used successfully on reefs and 
other stratigraphic problems, it is be- 
coming more than ever important to 
have better velocity control and closer 
correlation between the geologic and 
seismograph information. The fact that 
we do have velocity anomalies that ob- 
scure both structural and stratigraphic 
traps is a serious problem and has many 
discouraging aspects. To solve a prob- 
lem it must first’ be recognized. This 
stage has been reached. In West Texas 
and New Mexico we have a severe prob- 
lem in seismograph interpretation be- 
cause of the nature and distribution of 
the rocks and their effects on the lateral 
variations in velocity. Analogous prob- 
lems exist in other basins of deposition 
and differ from those of the Permian ba- 
sin only in degree. : 

Having recognized the problem, that 
is, that velocity changes can obscure or 
distort seismograph observations that 
would otherwise reveal desirable geo- 
logical facts, and, that velocities are a 
clue to lithology, it is then apparent 
that the first step in solving this prob- 
lem is to make as many well velocity 
surveys as possible. These are the basic 
data on which interpretation must rest. 
They are the research by which the fun- 
damental constants of the method are 
determined. We can not claim to be 
able to find all of the reef fields or all 
of the structural traps or all of the strat- 
igraphic traps on the basis of previous 
knowledge. The oil fields found today 
were obscure or unthought of 10 or even 
5 years ago. In years hence oil fields un- 
known today will be found as the result 
of data and experiences now being ac- 
cumulated. Before abandoning any dry 
hole, one should ask, “Have we got from 
this venture all possible useful informa- 
tion?” In most cases, unless a velocity 
survey has been run, the answer 13, 
“No.” *k x * 
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An Interpretation of Some Current 


Research in Secondary Recovery’ 


Tuts discussion is directed entirely to 
the non-technical oil operators and busi- 
ness men of the Appalachian area whose 
job it is to see that their company’s op- 
erations show a profit at the end of the 
year. These men obviously want to pro- 
duce as much oil as possible, as cheaply 
as possible. The efficient production of 
oil unfortunately is not dependent alone 
upon what is done in operations upon 
the surface of the ground, but is depend- 
ent in large measure on what is hap- 
pening in the minute pores of the oil 
reservoir. The more complete the con- 
trol which can be exerted over the 
phenomena which occur within the oil 
reservoir, the more complete and effi- 
cient will be the oil recovery. If knowl- 
edge of what is happening within the 
reservoir can enable us to reduce in- 
jection and production water-oil ratios, 
to reduce injection pressures without 
reducing rate or efficiency of recovery, 
to get more barrels of oil from a given 
lease, then that knowledge has great 
practical value and should be of inter- 
est to the operating man. This increased 
knowledge of reservoir behavior is ob- 
tained and developed by what is called 
production or reservoir research. 

Many people who work entirely in the 
field of practical oil production opera- 
tions may have in their minds a large 
quéstion regarding the nature of produc- 
tion research and its importance to them 
and to the industry at large. So the first 
question to be answered is “what is re- 
search” and more particularly what is 
“oil production research?” . Research is 
defined in one dictionary as “critical 
and exhaustive investigation or experi- 
mentation having for its aim the revision 
of accepted conclusions, in the light of 
newly discovered facts.” Research might 
be said to be man’s effort to learn more 
about the nature of the universe. It is 
obvious that the more we know about the 
laws governing the behavior of matter, 
the better we will be able to control and 
direct that behavior. In the field of oil 
production research, we are trying to 
learn more about the laws governing 
the behavior of the materials involved in 
oil production so that we may be able 
to increase our production efficiency. 

+Presented at the Spring Meeting of the 
Eastern District, A.P.I. Division of Production, 
Pittsburgh, Pennsylvania, April 2, 3, 4, 1952. 

*Professor and Head, petroleum engineering 
department, University of Pittsburgh and Tech- 
nical Adviser of the Production Research Pro- 


gram of the Pennsylvania Grade Crude Oil As- 
sociation. 
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A little consideration of the above def- 
initions will make it apparent that re- 
search has been going on since the be- 
ginning of the human race. Every step 
forward in civilization might be regard- 
ed as the result of ‘research, conscious 
or unconscious. Recently, research has 
achieved considerable prominence in 
the public eye. This recent populariza- 
tion of research has brought to it many 
benefits but has also resulted in some 
misconceptions which need clarification. 
The popular descriptions of research 
give the impression that it is a constant 
succession of sensational developments, 
and the result is that the man in the 
street seems to think that if an important 
and conclusive result is not achieved by 
a research group within a couple of 
weeks, the men must be incompetent. 
This is a very erroneous concept and 
should certainly be corrected. For every 
day of sensational development or dis- 
covery in research, there are months and 
even years of patient, routine, plodding. 
uneventful work. There also seems to be 
a tendency among non-technical people 
to regard research men as rather im- 
practical and far removed from the ba- 
sic facts of every day life. There may 
sometimes be some justification for this 
attitude, but in general research people 
are simply those who have an inordi- 
nate curiosity as to why or how certain 
physical events occur. 

Modern science and technology have 
become so complex that most research 
problems need for their solution the ef- 
forts of a number of specialists in va- 
rious fields. It is very rare today that 
one man can by himself solve any major 
research problem. This has led to the 
formation of various types of research 
foundations where many men of various 
specializations may contribute their 
knowledge to the solution of problems. 
It should also be apparent that inter- 
communication between various re- 
search organizations will benefit re- 
search in general, by minimizing dupli- 
cation of efforts and by keeping work- 
ers up-to-date in the developments in 
their respective fields. 

The results of research work are of 
no real value to civilization unless they 
are used. In other words, the ultimate 
goal of research may be regarded as ap- 
plication in practice. In order for re- 
search results to be properly and effec- 
tively used, they must be understood 
and appreciated by those who are going 


to apply them. One rather well-deserved 
criticism of research workers in general 
is that too often they make no attempi to 
interpret their work in terms which are 
comprehensible to those who are expect- 
ed to apply the results to practical op- 
erations. Sometimes when such attempts 
are made, the presentation is couched 
in such technical terms that it is practi- 
cally incomprehensible to anyone not 
a specialist in that particular field. 

The general objective of secondary re- 
covery research is the production of 
more oil at less cost, and thereby also 
the addition of more oil to our reserves. 
This is a practical but very complex 
problem. Secondary recovery research 
may be divided into two categories: 
What might be called operational re- 
search and reservoir research. Opera- 
tional research would include such sub- 
jects as corrosion of well equipment, 
paraffin and gyp formation, treatment 
of injection water, -operation of com- 
pressor plants, etc. The results of op- 
erational research are usually imme- 
diately and graphically apparent in im- 
proved performance of equipment and 
reduction of operating costs. The result 
of this is that it is usually not difficult 
to sell industry on the importance and 
value of operational research. 

Reservoir research, on the other hand, 


‘ is concerned with attempting to learn 


more about what is actually happening 
within the reservoir itself. The field of 
reservoir research is an extremely com- 
plex one and its results are less easy to 
evaluate and less evident in the imme- 
diate economy of operations than are 
the results of operational research. The 
results of reservoir research, however, 
may in the long run be more significant 
and bring greater economic return than 
those of operational research, by en- 
abling us to recover oil at present unre- 
coverable, thus prolonging and perhaps 
even renewing the life of fields and of 
companies. 

Reservoir research itself may be di- 
vided into two parts, laboratory and 
field, and the laboratory research may 
be either fundamental or applied. It 
will be noted that the word “applied” is 
used here rather than “practical.” Too 
often there is a tendency to regard fun- 
damental research as impractical, and 
the applied research as “practical. 
This is not a valid discrimination, as W! 
be discovered if one asks the question, 
“What is being applied?” The answer 
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is “Fundamental concepts are being ap- 
plied to a practical problem.” But the 
fundamental concepts are the result of 
fundamental research. Applied research 
is of no value unless there are sound 
basic concepts to apply. Hence, one 
might regard fundamental research as 
that which will ultimately be practical 
and applied research as that which is 
immediately practical. 

A successful oil producing company, 
if it is looking to the future and expects 
to stay in business, must have under 
lease not only productive lands, but also 
potentially productive land as well as 
some land that is largely speculative. 
So a successful research organization 
must perform not only the immediately 
practical applied research, but also 
some of the ultimately practical or fun- 
damental research. 

At present, secondary recovery re- 
search is being carried out in all of the 
above categories. One or two phases of 
of this research will now be discussed 
briefly from a non-technical point of 
view and their practical value to oil pro- 
duction operations will be indicated. The 
explanations given for some of the ob- 
served phenomena are not to be regard- 
ed as final and authoritative statements 
on the subject, but rather as presenting 
reasonable possibilities. Our knowledge 
of the basic laws and relationships con- 
trolling reservoir behavior is still very 
incomplete, and as more knowledge is 
acquired from basic research, our ex- 
planations and concepts of reservoir 
phenomena will change. 

In all laboratory water flooding ex- 
periments on both consolidated and un- 
consolidated sands, once the water 
breaks through, very little additional oil 
is produced. In other words, the water- 
oil ratio goes very rapidly from zero to 
extremely high values or to infinity. In 
the field, however, after water has ap- 
peared in the producing well, the water- 
oil ratio will increase relatively slowly 
and the speed of increase will vary with 
the well. How can laboratory results be 
reconciled with field experience? If one 
considers the nature of the oil reservoir, 
there is no discrepancy between the two. 
Laboratory experiments are usually 
performed on linear cores as uniform 
and homogeneous as possible. The sand 
in the reservoir is probably not homo- 
geneous or uniform, but is made up of 
many layers, each of slightly different 
physical characteristics. Therefore, the 
laboratory experiments represent what 
occurs in just one layer. Our picture of 
the flooding process in the reservoir is 
therefore aided by the laboratory work, 
which tells us that once the front of the 
water flood has passed through a given 
volume of sand, practically no more oil 
will be obtained from that flooded vol- 
ume, and the water that continues to 
flow through that sand is actually largely 
wasted water. 

Assuming there are no fractures in 
the sand and that all the flow occurs 
through the permeable sand itself, labo- 
ratory studies indicate that the slow in- 
crease in water-oil ratio in the field may 
be regarded as the result of two factors: 
water break-through in successively 


B-54 


tighter layers of sand, and the gradual 
widening of the watered-out area around 
the producing well resulting from the 
slow expansion of the flood pattern. Ob- 
viously the most permeable layer will 
be the first one to produce water, fol- 
lowed by successively less permeable 
strata. Selective plugging of sands in 
injection wells is an attempt to meet 
this situation. It is also possible that 
part of the effectiveness of the injection 
of dry gas ahead of a water flood may 
be the result of a plugging action by the 
free gas bubbles in the more permeable 
strata. More of the injected gas will ob- 
viously go into the strata of higher per- 
meability. It has been shown conclu- 
sively from laboratory work that the 
presence of a relatively small amount of 
non-wetting fluid will greatly reduce 
the permeability to other fluid phases. 
Therefore, as the concentration of the 
non-wetting gas phase is greater in the 
more permeable strata, the permeability 
of these strata to water is greatly re- 
duced and relatively more of the inject- 
ed water is forced to flow through the 
tighter strata, thereby reducing the pro- 
duced water-oil ratio. 

Even if there were only one single 
homogeneous layer of sand in the field, 
the produced water-oil ratio would in- 
crease relatively slowly, compared to the 
extremely rapid increase in the linear 
core experiments. The reason for this is 
that in the field the flow is not linear 
but is probably always either diverging 
from the injection well or converging to- 
ward the producing well. The water 
front arrives at the producing well, not 
around its entire circumference simul- 
taneously, but appears first at one point 
on the circumference and then, as the 
flooded area expands, gradually extends 
around a larger fraction of the well cir- 
cumference. Thus the well is producing 
almost 100 per cent water from the por- 
tion of its circumference which has been 
reached by the water front, and pure oil 
from the remainder of its circumference. 
As the flooded area extends around a 
larger and larger fraction of the well 
circumference, the produced water-oil 
ratio will increase. This is clearly dem- 
onstrated by electrolytic model studies 
of flood patterns. Thus, from laboratory 
experiments and a knowledge of the 
basic laws of porous flow, a reasonable 
picture is obtained of the mechanism of 
slowly increasing water-oil ratios. Al- 
though the increasing water-oil ratio 
caused by the flooding out of sand layers 
of different permeabilities is somewhat 
amenable to treatment, such as selective 
plugging of the more permeable sands, 
nothing can be done to change the slowly 
increasing water-oil ratio caused by the 
gradual extension of the flooded area 
around the well circumference. 


Our attempts to describe scientifically 
and accurately the flow in oil reservoirs 
is made very difficult by the fact that 
these reservoirs always contain at least 
two and frequently three separate fluid 
phases. The relationships of these fluids 
to one another and to the sand matrix 
which contains them are extremely com- 
plex. Furthermore, they are the basic 


factors which largely control the ; o. 
duction of oil from the sand. A gr<at 
deal of current production researcl: js 
directed toward a better understanding 
of these phenomena because it is largely 
through that knowledge that ultimate aj] 
recovery is likely to be increased. The 
most widely studied of these phenomena 
at the present time are interfacial ten. 
sion, capillary pressure and wettability. 
As these are so fundamental to oil pro- 
duction problems and are very closely 
inter-related, they will be discussed here 
in some detail. 

It is because of capillary pressure that 
the gas bubbles injected into the sand 
are so effective in blocking the flow of 
the water phase. The basic equation re- 
lating to capillarity or capillary pressure 
and surface tension is P, = 2y. This 


r 
equation states that if the surface ten- 
sion of a liquid is y and the liquid sur- 
face is curved with a curvature of ra- 
dius r, the fluid on the concave side of 
the curved surface will be under a great- 
er pressure than the fluid on the outside 
of the curved surface, and that pressure 
difference will be P,. Thus, the pressure 
of the gas inside a bubble is greater than 
the pressure in the liquid outside the 
bubble, and the smaller the bubble, the 
greater that pressure difference, which 
is equal to P,. Also, if there are two bub- 
bles of the same size in two liquids of 
different surface tension, the pressure 
will be greater inside the bubble in the 
liquid of higher surface tension. Since 
to force a bubble through a constriction 
requires that part of that bubble must 
have a reduced radius of curvature and 
hence an increased pressure within the 
bubble, it follows that energy is re- 
quired to start a bubble moving through 
a constriction and this energy will be 
greater the higher the surface tension 
of the liquid and the smaller the con- 
striction. 

The analogy of a rubber balloon may 
be helpful in visualizing the relation 
between surface tension and capillary 
pressure. When a rubber balloon has 
been inflated, the surface is. curved, with 
a radius r. The pressure inside the bal- 
loon is greater than that outside, and 
this pressure is balanced by the tension 
in the rubber that forms the ballon sur- 
face (analogous to surface tension). If 
two balloons made of rubber of different 
thickness, are inflated to the same diam- 
eter, the pressure in the balloon made 
of thicker rubber will be greater than 
that in the other. If a balloon is inflated 
to a diameter of one foot, it is also ap- 
parent that energy will be required to 
force it through a 6 in. diameter hole 
even neglecting the friction between the 
balloon and the constriction. 

As tiny bubbles move through the 
pores of a sand they are continually be- 
ing distorted and their resistance to this 
distortion results in a blocking action 
against the liquid trying to force them 
through. Thus there results a decrease 
in the sand permeability to the liquid. 
The same relationships apply to drop- 
lets of one immiscible liquid in another, 
such as oil-in-water, or water-in-oil. This 
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resistance of bubbles to distortion is 
sometimes called the Jamin effect, as 
Jamin was the first man to study and 
analyze the phenomenon. 

One of the basic natural laws is that 
all matter tends to achieve a state of 
minimum energy; a stone rolls down a 
hill, heated material cools off, etc. In 
accordance with this law, surfaces tend 
to become a minimum, since a mini- 
mum surface represents a minimum en- 
ergy state. Surface tension is the force 
that tends to make a surface minimum, 
just as the tension in the rubber balloon 
tries to reduce the diameter of the bal- 
loon and thus its surface area. This sur- 
face tension force is frequently very 
small compared with other competing 
forces and so is relatively ineffective. 
Where conditions are such that it can 
act, however, liquids will tend to take 
spherical shapes because a sphere has 
the minimum surface per unit of volume 
and hence the lowest energy state so far 
as the surface is concerned. The higher 
the surface tension for a given liquid 
the greater will be the tendency to form 
spheres. For example, a droplet of mer- 
cury lying on a flat surface will be much 
more nearly spherical than will a drop- 
let of water the same size. The surface 
tension of mercury is 6.5 times as great 
as the surface tension of water. If sev- 
eral small droplets of a liquid are 
brought together they will coalesce into 
one drop as thus the total surface is re- 
duced. This tendency decreases as the 
surface tension decreases. When a bub- 


ble is forced through a pore constric- 
tion it becomes non-spherical; hence, its 
surface area increases and energy is re- 
quired to create this surface. The pores 
of a sand are extremely minute ranging 
in size from perhaps a 15th of an inch 
on down. There are, of course, vast num- 
bers of pores in even a few cubic feet of 
sand, so that these minute effects can 
add up to values of some significance. 
Closely allied with surface tension 
and capillary pressure is the tendency 
that liquids have to wet, or to spread 
over solid surfaces. If a drop or a small 
quantity of liquid is placed on a large 
flat solid surface, the liquid will spread 
out until the outside edge of that drop 
or blob of liquid makes a definite fixed 
contact angle with the solid surface. The 
value of that contact angle is a measure 
of the tendency of the liquid to wet the 
solid surface, or is a measure of the 
wettability of that solid surface by that 
liquid. The smaller the angle as meas- 
ured through the liquid, the greater the 
wettability of the solid by the liquid. 
If the angle is zero, the liquid com- 
pletely wets the solid and if the angle is 
between zero and 90 deg, the liquid pref- 
erentially wets the solid, while if the 
angle is greater than 90 deg (as in the 
case of mercury, for example) the solid 
is preferentially wet by the gas in con- 
tact with it, rather than by the liquid. 
Any given liquid will probably wet dif- 
ferent solids to different degrees, and a 
given solid exhibits different degrees of 
wettability to different liquids. 


Now when two immiscible liquids 
such as water and oil are brought into 
contact on a solid surface, their inter. 
face will assume a definite contact angle 
against the solid; and the liquid w:iose 
angle of contact is acute, is said to pref. 
erentially wet the solid. If the liquid 
which preferentially wets the solid js 
caused to advance against the other ]j- 
quid at the proper rate, it will displace 
the relatively non-wetting liquid com 
pletely. The smaller the angle of con. 
tact of the preferentially wetting liquid, 
the faster it may be allowed to advance 
against the non-wetting. liquid, or, in 
other words, the more efficiently it wil] 
displace the non-wetting liquid. If, on 
the other hand, the liquid making the 
obtuse angle of contact with the solid 
is caused to advance against the other 
liquid, it will not displace the preferen- 
tially wetting liquid, but will tend to ad- 
vance over the top, leaving the wetting 
liquid relatively undisturbed. 

An analogy that may help to visualize 
this is that of shovelling snow. If one 
holds the shovel very flat (low contact 
angle) the snow may be removed with 
very little effort, and the larger the con- 
tact angle between the shovel and the 
ground, the more energy will be required 
to move the snow. And if the shovel is 
held at a vertical or an obtuse angle the 
snow cannot be removed. 

From this relationship it might be 
concluded at first glance that a slow 
water flood should be more effective in 
removing oil than a fast one. This would 








DIESEL OPERATORS 


AVE MONEY. 


Gives you 10% to 15% more efficiency in your diesel fuel! 
Saves costly down time by eliminating hard carbon and sludge! 
Saves metal parts through its lubricating action! 


Has been tested and approved by the University of Houston’s School of 
Diesel Engineering, and by major oil companies who use it in their own 
diesel engines. 


A DIESEL FUEL ADDITIVE THAT WORKS! Although a relatively new prod- 
uct, TEXON has already been used successfully to treat millions of gallons 
of diesel fuel. One user reports no cleaning or repairs necessary in a three 
year period due to carbon deposits. Another user reports a saving of 
hundreds of dollars per 55 gallon 
drum. 94% of all customers who have 
tried TEXON once now use it regularly! 


ORDER TEXON DIRECT FROM THE 
MANUFACTURER. Sold in 55 gal- 
lon drums, one drum treats 27,500 
gallons of fuel. Complete infor- 
mation on request. 


LONE STAR Chemical Company Inc. 


713 BERRY ROAD, HOUSTON, TEXAS 
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Now, in all the four top sizes of Bethlehem slush pumps, CHOOSE YOUR PUMP FROM THESE 
you get a larger bore to accommodate an 8-in. liner. FOUR SIZES: 


This means greater volume, of course. And all four sizes 
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are equipped with heavy, massive fluid ends to with- pets ~— Xi — 
stand the pressures of modern drilling. It’s a Bethlehem ni 7 ae : 
plus—extra volume at those extra-high pressures. 450 8 na « % “ta 

These pumps are mighty rugged. Even the 225, small- 600 8 in, x 18 “sa 
est of the group, is a powerhouse. And the 600, head A complete line for depths ranging from 
man of the lot, is the biggest, strongest unit Bethlehem 3500 ft to maximum. 


has ever offered. 
There are many features common to all—features that 


7 ‘ In addition to its manufacturing plants and 
add to the smoothness, long life, and overall efficiency 


its sales and engineering service, Bethlehem 


of the pumps. For example: complete oil-bath lubrication Supply Company maintains stores through- 
of (trouble-free!). And roller bearings throughout. And out the Rocky Mountain, Midcontinent, 
- such important details as API metal ring gaskets on valve Southwestern, and California oil fields. 


covers, suction flanges, discharge flanges, stuffing boxes. | Tanwe ape chet 50 oF Ge metann, up 


dB We can't possibly tell you the full story in this small. + woe saicseald 
* space. But any time you say, a Bethlehem engineer will 

of be glad to go over the units with you, point by point. 

on [plhere’s a Bethlehem pump for every drilling job you 

“ have. Ask for full details today. | 

ly! 


=m BETHLEHEM SUPPLY COMPANY 
BETHLEHE General Offices: 21_E. Second St., Tulsa, Okla. 
STEEL West Coast Headquarters: Los Angeles, Calif. 


— Export Distributor: Bethlehem Steel Export Corporation 
25 Broadway, New York, N. Y. 


Canadian Representative: Rocky Mountain Supply Co., Ltd., 
Calgary, Alberta : 








be true, however, only in a sand all of 
whose grains were preferentially water 
wet. A very different relationship would 
be involved in an oil-wet sand, and it is 
generally assumed nowadays that in 
many sands an appreciable part, if not 
all, of the grains are preferentially oil 
wet. It is also possible that even at the 
highest flooding rates obtainable, the 
rate of water advance is still in the 
proper range for good recovery. 

How is all this related to the recovery 
of oil? In an oil sand there are vast 
areas of surface exposed. It has been 
calculated that 1 cu ft of sand of aver- 
age porosity and grain size will c ntain 
approximately 1500 sq ft of san! sur- 
face area. These sand surfaces :re in 


intimate contact with oil, water, and gas. 
Every contact in every pore may involve 
all three of these phenomena: wettabil- 
ity, surface tension, and capillarity. 
When one considers the extreme minute- 
ness of the individual pore size and the 
fact that the average flowing pressure 
gradient is about 2 to 4 lb per ft, it is 
evident that the pressure difference 
across any individual pore is also ex- 
tremely minute. The importance of these 
surface and capillary forces in affecting 
the recovery of oil from these pores then 
becomes rather apparent. If it should 
prove possible to change the magnitudes 
and values of these surface and capil- 
lary forces in the proper direction, it is 
very probable that considerably in- 











tion at less expense. 
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KNOW THE FACTS 


About Your Pumping Wells 
with J-F DYNAMOMETER 





INCREASE PRODUCTION WITH OPERATIONAL CONTROL 


The J-F Dynamometer reveals poor counterbalance; enables 
checking of pumps at surface; reduces number of sucker rod 
failures by determining peak load, range of load, and character 
of load;. and aids the operator in selecting proper equipment. 


Decreased downtime and fewer pulling jobs mean more produc- 


JOHNSON-FAGG 
Engineering Company 


In the Refining processes, every 
step is controlled by scientific 
instruments. Yet with pumping 
wells, which produce about 90% 
of the nation's oil, very little 
instrumentation is used. One of 
the reasons for this has been the 
absence of an instrument that 
is easy to operate. The J-F Dy- 
namometer may be operated 
successfully by non-technical 
personnel. 


Tulsa, Oklahoma 
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creased oil recovery would result. Our 
reservoir research on these phenor-eng 
at the present time is directed to-yard 
solving this problem. 

A fair amount is known concerning 
these surface and capillary relation: for 
simple fluids and surfaces. The appiica- 
tion of this knowledge to the extremely 
complex reservoir fluids, and the widely 
varied types of sand surfaces and shapes 
found in a reservoir, is very difficult, 
however, and still requires exte:sive 
additional study. 

One of the first examples of the appli- 
cation of this knowledge of surface 
forces to oil recovery is in the use of 
wetting agents. Wetting agents are sur. 
face active materials which change the 
water-oil interfacial tensions and con- 
tact angles with the solid surfaces. It 
has been known for many years, from 
laboratory experiments, that the addi- 
tion of small amounts of these wetting 
agents to the flood water should affect 
the amount of oil recovered from a sand. 
It is only recently, however, that these 
materials have been available in suffi- 
cient amounts and at a low enough price 
to permit field experimentation. The few 
field experiments performed to date in- 
dicate some increased recovery by using 
these agents. It is not known, however, 
which of many types of wetting agents 
is most effective, or what is the optimum 
amount to be used. It is very probable 
that no one wetting agent will be found 
to be the best for all reservoirs, but 
that a certain amount of experimenta- 
tion will be necessary to determine the 
proper material to be used on each 
reservoir. ; 

There may be other materials at pres- 
ent in the early stages of development 
that will prove far more effective in oil 
recovery than anything known at pres- 
ent. The problem in reservoir research is 
to find out first just what factors are 
operative in the pores of a sand during 
production, how these factors should be 
changed or modified to increase the ef- 
ficiency of oil production and then to 
find what materials or procedures can 
be used in practical field operations to 
bring about the desired changes in these 
factors and increase our oil recovery. 

At present, we have a fair knowledge 
of these basic reservoir forces or factors, 
and from this knowledge we have a 
rather generalized concept of reservoir 
behavior, but much additional research 
and study will be required before really 
large scale increases in recovery eff- 
ciency are attained. 


This discussion has been an attempt 
to present very briefly, in non-technical 
terms, a picture of the type of problem 
with which many reservoir research 
workers are engaged today. As we in- 
crease our knowledge, bit by bit, oil 
recovery efficiency is gradually increas- 
ing. The ultimate goal of relatively 
complete knowledge and control of the 
reservoir phenomena that at present 
limit the efficiency of oil recovery, 
should add vast amounts of oil to our 
available reserves and thus bring con- 
siderable economic benefits to the in 
dustry. zat 
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BAASH-ROSS 
TYPE “UPS” HE 


Combine Pack-Off And Slips 
in One Unit 





TN 


Vz 
+ O O verseas Type “UPS” Heads—a new Baash-Ross development 
—have the Packing Element and Slips unitized into a single 


@ ae s 

implicity hinged assembly that simply w-r-a-p-s around the casing 
, and locks in place with one bolt. As the weight of the cas- 
Complet é your wells with one of these ing is placed on the slips, they automatically equalize them- 
selves within the bowl to assure exact centering of the 
casing as well as a uniform grip around the entire circum- 
ference of the pipe. A few quick turns of a wrench then 

expands the packing element for a pressure-tight seal. 


“UPS” ADVANTAGES INCLUDE . . . (1) No space wasted by 
threads, grooves or other packer-retaining devices—therefore overall 
height is reduced to a minimum . . . (2) Elimination of threads, 

¥, : grooves, etc., means a smooth bowl—nothing to become damaged dur- 

View of Flange : ing drilling operations, no need for protective sleeves . . . (3) Since 

installed showing ‘ Fail all the slip segments are unitized together, none can set higher or 

packing arrange- , ‘ lower than the rest—no risk of crimping the casing, no danger of an 

t F 1 unequal grip that may fail in service .. . (4) Slips are set and packing 

is tightened around casing without stripping and without first cutting 
the casing. Simplifies installation—saves time! 

“UPS” Heads also incorporate the unique Baash-Ross weld- 
testing feature which permits simultaneously testing the pressure- 
tightness of both casing welds with a gauge and hand pump as part 
of the installation procedure—or any time later. Any leaks discovered 


B a A 4 H - R re) Ss Ss : : oat mich 0 of the well can be quickly sealed off by injecting plastic 


ae :| wi “UPS” Equipment is available in a complete range of sizes 
type ““UPS-DF” HEADS E 3 . .. for threading or welding to the casing . . . with or without Bases 

es a 4 . . and for use with over a dozen different Tubing Heads Suspensions 
Offer “UPS” Advantages " d Hook-Ups. It is the ideal solution for a wide range of require- 
Plus Demountable Flanges ts on medium and low-pressure wells! 








Type “UPS-DF” Heads combine all the “UPS” ad- 
vantages with an additional important feature—Demount- ALD 
able Flanges that can be salvaged after the drilling “AN 


(Zz HEAD 


operations for use on other installations. . CERTIFIED 


The body, packing and slips of this design are the same as 
standard “UPS” Heads to provide all the important “UPS” advan- 
tages outlined at left. However, the flange is attached to the main 
body by means of a square thread so that it can be readily removed 
when drilling operations are completed. 

During drilling, the fiange is installed on the Head to provide 
means for attaching standard pressure control. A unique packing 
atrangement—having important advantages over the conventional 
Ting-groove design—prevents leakage between the flanges and is so 
Placed that the square thread is not exposed to casing pressure. 

After drilling is completed, the pressure control equipment is 
Temoved and the flange is unscrewed from the Head—an operation 
simplified by the easy make-and-break properties of the square thread. 
The flange, ring bolts and packing can then be used repeatedly on 
— wells, thus effecting important economies on multiple installa- 

ns, 

Available in a complete range of sizes and designs, Type 
“UPS-DF” equipment is the latest in a long string of Baash-Ross 
Landing and Casing Head advancements. Be sure to investigate the 
economies this equipment can make for you! 


Baash-Ross Well Head Equipment is 
- available through leading supply stores. 


NERAL OFFICES: 5512 SO. BOYLE AVE., LOS ANGELES 58 
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KMA Water Flood Will Recover More Oil 


P 537.5 
P 538. 


A detailed reservoir engineering report giving details on core analysis, gas 
pressure maintenance evaluation, and theoretical water-flood calculations 


ROLLIE P. DOBYNS', MARION L. AYERS', ROGER E. LEWIS? 


Abstract 

This article is a condensation of the 
Bureau of Mines Report of Investiga- 
tions No. 4892, “Petroleum Engineering 
Study of KMA Reservoir, Southwestern 
Part KMA. Oilfield, Wichita and Archer 
counties, Texas” by Rollie P. Dobyns 
Marion L. Ayers, and Roger E. Lewis. 

The following are presented: 

1. Method of core analyses. 

2. Evaluation of gas pressure main- 

tenance. 
3. Water flood possibilities according 
to theoretical calculations. 

Copies of the complete text can be 
obtained from the Bureau of Mines, 
Publications Distribution Section, 4800 
Forbes Street, Pittsburgh, Pennsylvania. 

The original is highly commended as 
a detailed reservoir engineering report 
and should serve as a convenient refer- 
ence for those engaged in such studies. 
A sample of the calculations to deter- 
mine the initial volume of oil in place 
by material balance and to evaluate the 
pressure-maintenance program from 
theoretical equations are shown in de- 
tail in the appendices of the report. The 
theoretical water-flood calculations also 
are included in detail in the text of the 
report. 


Tur KMA field, Wichita and Archer 
counties, Texas, was named by combin- 
ing the first letter in the last names of 
three large land owners in the area, J. 
A. Kemp, S. H. Munger, and Reece 
Allen. The KMA field is approximately 
20 miles due west of Wichita Falls, 
Texas. Oil was produced from the shal- 
low Cisco formation as early as 1912, 
and the KMA Strawn formation was dis- 
covered to be oil productive on March 
11, 1931. The discovery well was a dry 
hole in the Ellenburger limestone at a 
depth of 5430 ft, and was plugged back 
to 3977 ft and completed-in the KMA 
formation. After a shot of 500 qt of 
nitroglycerin from 3675 to 3942 ft, the 
well flowed, by heads, 125 bbl of oil and 
18 bbl of water per day. Drilling to this 
depth was discouraged by the depres- 
sion years, an unfavorable market, and 
the East Texas field discovery. Con- 


*Petroleum engineer, 
Wichita Falls, Texas. 

1Petroleum' engineers, 
Wichita Falls, Texas. 

“Former petroleum engineer, 
Mines, Wichita Falls, Texas. 
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sequently, development in the KMA 
field was very slow during the following 
614 years. In the fall of 1937, Kadane- 
Griffith Oil Company drilled the Man- 
gold “A” well No. 1 after determining 
a magnetometer high in what is now 
the southwestern part of the field. This 
Mangold well was completed on Novem- 
ber 14, 1937, at a total depth of 3752 ft, 
with an initial flowing oil production of 
2018 bbl in 12 hr. As the Mangold 
well was 2 miles southwest of the dis- 
covery well, a large area was opened 
for development, which was begun im- 
mediately. 


Drilling continued until an oil-pro- 
ductive area of approximately 12.500 
acres had been delineated and developed 
by wells drilled on 10 and 20-acre spac- 
ing. The wells were drilled with rotary 
rigs in approximately 3 weeks at an 
average cost of about $18,000 per well. 

The KMA structure is a complex anti- 
cline with a maximum closure of 250 ft, 
and the KMA formation is made up of 
sediments that grade from limestone to 
sandstone with numerous shale streaks. 
The KMA formation, which is a member 
of the Strawn group of Pennsylvanian 
age, has two distinct oil-producing mem- 





FIG. 1. Correlation of generalized geologic column and electric log, 
southwestern part of KMA field, Wichita and Archer counties, Texas. 
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bers that are locally named Zone 1 and 
Zone 2 (Fig. 1). The KMA limestone 
overlies the KMA formation and is used 
as a marker bed when drilling into this 
formation. In some small areas, oil has 
been produced from thin sand lenses 
and oolitic limestone stringers immedi- 
ately underlying the top of the KMA 
limestone. 

Other horizons productive of oil in 
some localities within, the southwestern 
part of the KMA field are the shallow 
Gunsight sand, the Goen limestone, and 
the Ellenburger limestone. The Goen 
limestone is encountered approximately 
20 to 50 ft below the “main shale break”. 

Parts of the KMA formation were 
cored in a substantial number of wells; 
however, only a small part of the cores 
from these wells were either analyzed or 
described lithologically. Because Zones 
land 2 have different lithological char- 
acteristics and, apparently, are not in 
communication with each other except 
through the well bores, the core analyses 
from the two zones were analyzed sepa- 
rately. 

















Core Analyses 


Analyses of cores made by oil com- 
panies and commercial laboratories from 
82 KMA wells were obtained from the 
operators. In all, 1011 individual sam- 
ples were analyzed from 65 wells that 
cored Zone 1, and 808 individual sam- 
ples were analyzed from 47 wells that 
cored Zone 2. Although the complete 
cores were analyzed from only 4 wells 
penetrating the entire KMA formation, 
the remaining wells were distributed 
over the area in such a way that the 
analyses of the cores from these wells 
should give representative values for the 
physical characteristics of the KMA 
ormation. 

Th= available core analyses were 
studied individually, by wells, and, by 




















NOTES 


Circled points were not used to 
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y= 11.34 gyre equation of line calculated by method 
of least squares, after grouping the points. 
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FIG. 2. Logarithmic relationship between permeability and porosity, Zone |, KMA reservoir, southwestern part of KMA field. 


correlation, the tops and bottoms of 
Zone 1 and Zone 2 were marked. A 
graphical cross section, representing 
the 82 cored wells, was made, showing 
the tops and bases of Zone 1 and Zone 
2, and the vertical position of the inter- 
val cored and analyzed from each zone. 
This graphical representation indicated 
that the intervals cored and analyzed 
occupied different vertical positions 
from well to well through each zone and 
varied vertically to such an extent that 
the consolidation of all cores analyzed 
from each zone would be representative 
of the total thickness of that zone 
throughout the field. This consolidation 
of core data for each zone was inter- 
preted so as to obtain representative 
field-wide average values for porosity, 
permeability, connate-water saturation, 
and a thickness correction factor, which 
is used to reduce the gross volume to the 
net productive volume. 

To be commercially productive, a 
formation must have a_ permeability 
greater than a certain limiting value. 
This limiting value is obtained from cal- 
culations for cumulative flow capacity 
that showed that 98.99 per cent of the 





Oil Boom Benefits Children 


The oil boom in the Williston 
Basin of Montana and North Dakota 
means even more to the nation than 
additional supplies of petroleum. 
Montana school children are bene- 
fiting to the tune of $3,000,000, as 
the result of leasing of 260,000 
acres of state-owned land to firms 
wishing to explore for oil and gas. 
Money from the leases goes into the 
state’s fund for the public school 
system. Moreover, royalties which 
may accrue of any of the leasing 
firms strike oil or gas will go into 
the same fund. 





| 
determine line of best fit. 
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total capacity for Zone 1, and 99.35 per 
cent of the total capacity for Zone 2 was 
accounted for by those samples having 
permeabilities of 5 md or greater. The 
lower limit of permeability for commer- 
cial production thus was selected as 5 
md in each zone. The arithmetical aver- 
age of all permeability values of 5 md 
or over was 84 md for Zone 1 and 216 
md for Zone 2. By comparison, the 
arithmetical averages of all samples hav- 
ing permeabilities of 1 md or over were 
66 md for Zone 1 and 166 md for Zone 2. 

The validity of arithmetical averages 
of the permeabilities is questionable be- 
cause a few extremely high permeabili- 
ties overshadow those of moderate 
values. A value believed more represent- 
ative than the arithmetical average of 
the permeability for each zone was ob- 
tained from the perosity-permeability 
relationship curve, which is discussed 
later. 

The porosity data were examined and 
analyzed statistically. As the limiting 
productive permeability for each zone 
was chosen at 5 md, the corresponding 
porosity values of all core samples hay- 
ing a permeability of 5 md or over were 
selected for the statistical analysis. 
Within each zone, all the samples having 
a permeability of 5 md or greater had a 
porosity of at least 6 per cent. All poros- 
ities of 6 per cent and greater were ar- 
ranged in order of increasing values, 
and a histogram was constructed for 
each zone by plotting porosity versus 
the number of times each porosity oc- 
curred. A line drawn through the aver- 
age values of the points forming the 
histograms resulted in normal, or bell- 
shaped curves for both Zone 1 and Zone 
2. A normal curve is symmetrical about 
its vertical axis, and the magnitude of 
the intersection of this axis with the 
abscissa is the mean value of the curve; 
and this value also equals the arith- 
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FIG. 3. Curve showing relationship between permeability and connate water saturation, Zone 1, southwestern part of KMA field. 


metical average of the points plotted. 
The arithmetical averages of the poros- 
ities were 16.5 per cent for Zone 1 and 
16.1 per cent for Zone 2. The average 
porosities are believed representative of 
the reservoir because the histograms 
formed normal curves. 

The difficulties experienced in reach- 
ing an average permeability value that 
would reflect the producing ability of 
the two zones led to an investigation of 
the porosity-permeability relations of the 
core data. A general relationship is be- 
lieved to exist between porosity and per- 
meability within each oil-productive zone 
in the KMA formation. The porosities of 
all core samples having a permeability 
of 1 md or over were plotted against 
their permeabilities on logarithmic 
paper with permeability as the abscissa 
and porosity as the ordinate. Fig. 2 
shows the permeability-porosity rela- 
tionship for Zone 1. Although the points 
showed considerable scattering, a defin- 
ite trend was indicated for each zone. A 
few widely scattered points, which are 
shown circled on the plot, are believed 
erroneous and were discarded. The re- 
maining points were then grouped, and 
the equation for the line of best fit was 
calculated by the method of least 
squares. The calculated equation for 
Zone 1 is shown in Fig. 2. 

Considering the fact that the accuracy 
of the arithmetical average of the 
porosities was confirmed by the normal 
shape of the histograms, the permea- 
bility corresponding to the average 
porosity of each zone should be the 
most representative value for use in 
reservoir calculations. These permea- 
bility values were derived by solving the 
equation for each zone after the sub- 
stitution was made for the correspond- 
ing average porosity. In this report, the 
permeability determined by this method 
is designated “correlative” permeability. 
The correlative permeabilities were 42.1 
millidarcys for Zone 1 and 39.5 md 
for Zone 2. 

The correlative permeability values 
derived by use of the porosity-permea- 
bility relationship curves are considered 
to reflect the true flow characteristics of 
the producing formation better than a 
straight weighted arithmetical average 
permeability. What relation the corre- 
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lative permeability bears to the equiva- 
lent permeability is problematical. 
These correlative values of permeability, 
however, are much lower than the arith- 
metical averages; and, the use of cor- 
relative permeability values to deter- 
mine connate-water saturations and flow 
capacities is believed justifiable. 

The average connate-water saturation 
in each zone was obtained from a curve 
showing the relationship between per- 
meability and the percentage connate- 
water saturation as determined by the 
restored-state method and the percent- 
age water saturation of samples that 
were cored using oil as the drilling 
fluid. The average curve for these plot- 
ted points for Zone 1 is shown in Fig. 3. 
The equation for the portion of the con- 
nate water versus permeability curve for 
Zone 1 that is a straight line was cal- 
culated by the method of least squares 
and found to be Y = 18.317 — (0.02176) 


(X), where Y is the connate-water satu- 
ration and X is the permeability. The 
correlative permeability for Zone 1, as 
determined from the porosity-permea- 
bility relationship curve, was substituted 
for X in the above equation. The solu- 
tion of the equation for Y gave the aver- 
age connate-water saturation in Zone 1. 
The connate-water saturation for Zone 
2 was determined in like manner. The 
results of these calculations gave con- 
nate-water saturations of 17.5 per cent 
for Zone 1 and 20 per cent for Zone 2. 

Out of 1011 core samples from Zone 1 
(which represents a total of 1011 ft of 
core), 360 core samples had a permea- 
bility equal to or greater than the limit- 
ing productive permeability of 5 md. The 
ratio of 360:1011 gives a factor of 0.356 
or 35.6 per cent, which is the percentage 
of the formation considered commer- 
cially productive in Zone 1. As the core 
analyses are believed representative of 








TABLE 1. Summary of interpretation of core analyses, KMA reservoir, south- 
western part, KMA field, Wichita and Archer counties, Texas. 





Zone 1 Zone 2 

Number of wells cored . EONS pe a ETS ERNE ae EUW ny ee Rae 65 47 

(Total, 82 different wells for both zones) _ 
ERR RES REE ERY one eR ee ee ee Tre er 1,011 808 
Average porosity of all core samples having a permeability of 5 md or greater........ per cent... 16.5 16.1 
Average permeability of all core samples having a permeability of 5 md or greater....md....... 84 216 
Average permeability of all core samples having a permeability of 1 md or greater....md....... 66 166 
Minimum “productive” permeability determined from permeability-cumulative 

Bea oS he on ula es anibin aaa pee bewsddscebewe tmerme’ ee 5 5 
Number of core ny having a permeability of 5 md or greater...............0..00ceeceees 360 163 
os cen alae aie Srnbins din 9:4 ign laa men é ia per cent... 35.6 20.2 
Correlative permeability from porosity-permeability curve using average porosities 

eS a RE a te RR GEE agp ya OEE icons 42.1 39.5 
Average connate water saturation from connate water-permeability curve using 

correlative permeabilities of 42.1 and 39.5 md.................seeceeegseeneeees per cent... 17.5 20.0 
Average minimum residual oil saturation of all core samples having a porosity of 

a aeera dasacenant per cent pore volume... 15.5 14.1 








TABLE 2. Computed volume of KMA reservoir, southwestern part, KMA field, 
Wichita and Archer counties, Texas. 





Zones 1 and 2 


Zone 1 Zone 2 combined 

Oil productive area as delimited by isopachous maps...... acres...... 10,851 11,642 12,500 
Gross volume of reservoir from isopachous maps.......... acre-feet... 300,893 525,808 — 
adi a iaiivalnidiadeug yy asian ed SaateCewie’ 0.356 0.202 ae 
Net productive volume.................0.000c0cccueeee acre-feet... 107,119 106,214 213,333 
I a5 5 coins cscovcndesesuocvansvmeess ne 9.9 9.1 17.1 
Relative oil volume at original conditions of temperature and pressure 1.304 1.304 — 
Pore volume: obi 

es be sich AEE? Se Oe Re ER ee acre-feet 17,675 17,100 34,775 

GRE ES COR OE ES PE TT ES Is 137,200,000 132,600,000 269,800,000 
Volume of connate water................00000000e0 000s barrels.... 24,100,000 26,500,000 50,600,000 
Initial volume reservoir oil in place..................... barrels.... 113,100,000 106,100,000 219,200,000 
Initial volume of stock-tank oil in place: 

meen ER RE Thats 3k ct ER AOR barrels.... 86,700,000 81,400,000 168,100,000 

dice SONA OPT ERaG Teena « omicwoe eaagwe barrels per acre-foot... 811 779 790 
Initial volume gas in solution 

peabhenaecenedeeedhes <heee ..cu ft per bbl stock-tank oil... . -- _ 525 
Initial volume solution gas in reservoir.......... billion cubic feet... _ 88.25 
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Fly There's a “WILSON-SNYDER” 


Pump... to best meet 


your needs... 


Shown here are four important sizes in the 
Wilson-Snyder line of Power Pumps. 


Here are a few of their many features: 

One-piece, high-strength power frame. 

One-piece, direct-flow type, cast steel fluid 
end with large passages for easy flow. 

Heavy-duty, field-adjustable roller bearings 
throughout, ; 

DI-HARD, long-life, fluid-cylinder liners and 
HI-HARD piston rods. 


Forged alloy-steel, heat-treated, fluid valves 
and seats. 


Power end lubricated with combination oil- 
bath and positive-flow lubrication. 

Cross-head pin roller bearings, diaphragm 
stuffing boxes, and fluid-end stuffiing 
boxes are pressure grease-lubricated. 


Call or Write Houston Headquariers 
or your nearest Wilson Store 
for additional information 


Exclusive Distributors — 
Louisiana and Texas Gulf Coast 


WILSON 
Supply Company 


1412 Maury Street 
HOUSTON, TEXAS 


BRANCH STORES 


TEXAS—Alice, Soren Christi, Victoria, Bay City, 
Columbus, Barbers Hill, Liberty, Beaumont, Kilgore, 
Menahans. LOUISIANA—Lake Charles, New Iberia, 
Houma, Marvey, Shreveport. 


SALES OFFICES 
TULSA, DALLAS, NEW ORLEANS, SHREVEPORT 
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southwestern part of KMA field, Wichita and Archer counties, Texas. 


the entire zone, the net thickness is be. 
lieved to be 35.6 per cent of the gross 
thickness for Zone 1. It was likewise, 
determined from the core analyses of 
Zone 2 that 163 samples in the tota’ of 
808 samples had permeabilities equa’ to 
or greater than 5 md. Similarly, the ratio 
of 163:808 gives a factor of 0.202 or 29.2 
per cent; consequently, the net thickiesg 
would be 20.2 per cent of the gross 
thickness of Zone 2. 

A summary of the interpretation of 
core analyses for Zones 1 and 2 is shown 
in Table 1. 


Thickness Correction Factor 


Normally, to calculate the net void 
space in the reservoir, it is desirabie to 
determine the net productive thickness 
of the reservoir rock in each well. Be- 
cause of inadequate data, however, this 
thickness could not be determined in 
most of the KMA wells; and as an alter- 
nate procedure, the gross thickness of 
Zones 1 and 2 in individual wells was 
determined. 

The interpretation of core analyses 
and electric, radioactive, and selected 
driller’s logs made it possible to esti- 
mate the gross thickness of the produc- 
ing formation in enough representative 
wells throughout the field to construct 
isopachous maps of Zone 1 and Zone 2. 
The gross volume obtained from each 
isopachous map was multiplied by the 
thickness correction factor previously 
determined to give the net volumes of 
the zones. As the thickness-correction 
factors were calculated from field-wide 
core analyses, the factors cannot be used 
to determine the net reservoir volume 
of each zone under individual leases. 

Gross volumes computed from iso- 
pachous maps were 300,893 acre-feet 
for Zone 1 and 525,808 acre-feet for 
Zone 2. Applying the thickness correc- 
tion factors to the gross volumes, the 
net volumes were caleulated to be 
107,119 acre-feet for Zone 1 and 106,214 
acre-feet for Zone 2. The estimated 
initial volumes of stock-tank oil were 
86.7 million barrels in Zone 1 and 81,- 
400,000 bbl in Zone 2, or 168,100,000 bbl 
for the combined zones. The volumes of 
Zone 1, Zone 2, and the KMA reservoir 
are shown tabulated in Table 2. 

As the porosity-saturation method of 
estimating the initial volume of oil in the 
KMA reservoir required use of a thick- 
ness-correction factor, the writers de- 
cided that an independent method of 
determining the initial volume of reser- 
voir oil was needed to substantiate the 
volume obtained by the porosity-satura- 
tion method. Material balance was 
chosen as the independent method to 
be used and the results of calculations 
at 11 successive reference dates, having 
reservoir pressures that ranged from 
1129 to 200 psi, gave a weighted average 
volume. of 171,500,000 stock-tank bar- 
rels of oil initially in place in the reser- 
voir. This material-balance volume is 
considered to be in excellent agreement 
with the volume of 168,100,000 bbl of 
oil obtained by the porosity-saturation 
method. 
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e Werve learned a lot about roller bearings and 
their application during the past sixty years. 

)- 

t Working together with many equipment builders 

4 in many industries, we have studied and solved a 

‘ good number of problems in product design and 

: bearing application. 

d Out of this continuing interchange of ideas, we 

+f have accumulated a great fund of engineering 

il knowledge. As a result, many apparently difficult 

of problems in bearing application quickly lend 

. themselves to simple, practical solutions that are 

of born of experience. 

‘ Why not take advantage of Hyatt experience? 

e- If the equipment you build or use operates on 

7 anti-friction bearings, you may be able to save 

1e yourself time and money. 


For information about the complete line of 
to Hyatt Roller Bearings write for Catalog 150. 
Hyatt Bearings Division, General Motors Corpo- 
ration, Harrison, New Jersey. 
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CUMULATIVE OIL PRODUCTION, MILLIONS OF BARRELS 


FIG. 5a. Comparison of actual reservoir performance utilizing pressure 
maintenance and calculated theoretical reservoir performance without pressure 
maintenance, southwestern part of KMA field. 


Gas Pressure Maintenance 


The rapid drop in reservoir pressure 
caused the operators to consider a co- 
operative program for gas-pressure 
maintenance soon after the field had 
been developed; and, during the lafter 
part of 1939, the KMA Pressure Main- 
tenance Association was organized. 
Membership was voluntary and no con- 
tracts or legal obligations were made by 
the operators. Four gasoline plants were 
built in the field, and the operators of 
these plants agreed to process the wet 
gas and return the dry gas to the various 
leases at a scheduled charge per 1000 
cu ft. The field was divided into six 
units to expedite the distribution of the 
compression charge on the return gas. 
The units under study in this report in- 
clude a part of Unit 4 and all of Units 
5 and 6. Units 5 and 6 are believed to 
have been benefited most by the gas 
pressure-maintenance program. A part 
of Unit 4 was included in this report to 
round out structurally the area under 
study without rigidly adhering to sur- 
face boundaries delimited by the units. 

A majority of the wells were com- 
pleted as flowing wells, and the rate of 
production was controlled by surface 
chokes. Although the wells had a wide 
range of initial oil production, these 
rates were generally high. Initially, the 
Railroad Commission of Texas regulated 
the producing rate at a maximum of 58 
bbl per day. In all, 751 wells were com- 
pleted in the KMA formation, and the 
cumulative oil production to August 1, 
1949, was 46,107,738 bbl, representing 
an average recovery of 3689 bbl per 
acre, or 27.4 per cent of the oil origin- 
ally in place. Fig. 4 shows the oil pro- 
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duction history and related data of the 
southwestern part of the field. 

Distillation analyses of crude oil sam- 
ples from the KMA reservoir showed the 
original gravity of the produced oil to 
be about 43 API, and the gasoline and 
naphtha content to be approximately 40 
per cent. Analyses of subsurface sam- 
ples of the reservoir oil indicated that at 
original reservoir conditions the oil was 
undersaturated with gas and the relative 
oil volume was 1.304. The original reser- 
voir pressure was estimated to be 1750 
psi, and there was 525 cu ft of gas in 
solution per barrel of residual oil at 
estimated saturation pressure of 1300 psi. 

When the KMA Pressure Maintenance 
Association started the gas-return pro- 
gram, about 10 per cent of the produced 
gas was returned to the reservoir. The 
volume of gas returned was increased 
until 1943, at which time a maximum of 
40 per cent of the produced gas was re- 
turned. The cumulative produced gas re- 
turned to August 1, 1949, was approxi- 
mately 27 per cent. 


Although the pressure - maintenance 
program did not maintain the reservoir 
pressure in the field, the program con- 
tributed much toward the conservation 
of natural resources and_ reservoir 
energy. The increased flowing life of the 
wells, the greater ultimate oil recovery, 
the increased recovery of natural gaso- 
line, and the conservation of the pro- 
duced gas are definite gains derived 
from the gas-injection program. 

The increase in oil recovery from the 
pressure-maintenance program was eval- 
uated by calculating the theoretical oil 
recovery without gas injection. Fig. 5 
shows a comparison of the actual reser- 
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voir performance utilizing pressure 
maintenance and the calculated theoreti- 
cal reservoir performance without pres- 
sure maintenance. These calculations 
indicated a theoretical primary recov- 
ery of 41,100,000 bbl to August 1, 1949, 
whereas the actual recovery to that date 
was 46,107,738 bbl. The increase in oil 
recovery, therefore, was approximately 
5,000,000 bbl, or a gain of 12.2 per 
cent of the theoretical primary recovery. 
Considering the facts that only 27 per 
cent of the produced gas was returned 
and the producing well:injection well 
ratio was never less than 11.1 to 1, the 
12.2 per cent increase in oil recovery is 
thought to be reasonable. The writers 
believe, however, that a greater return 
of produced gas would have increased 
the ultimate oil recovery considerably. 

The ultimate recovery by pressure- 
maintenance methods is estimated to be 
53,000,000 bbl of stock-tank oil at an 
arbitrarily assumed economic limit of 
2 bbl of oil per well per day. This ulti- 
mate recovery was determined by extra- 
polating the production decline curve by 
the loss-ratio method. 


Water Floor Considerations 

The field is rapidly approaching its 
economic limit under the present meth- 
ods of production; therefore, the feasi- 
bility of water-flooding the KMA forma- 
tion was investigated. The theoretical 
water-flood calculations that were 4p- 
plied to the formation are based on the 
assumptions that the injected water dis- 
places the oil in a piston-like manner and 
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No matter where you drill—or what equipment you 
drill with—you can centralize all your pressure control 
problems with the organization that, for over a quarter- 
century, has consistently led in developing advanced 
equipment for safe, efficient pressure protection and con- 
trol. At Shaffer you'll find the type of equipment best 
suited to your particular requirements. 


Ry 


Only Shaffer gives you such a complete selection of field- 
proven control gate equipment to meet varying needs and 
operator's preferences .. 
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Cellar Control 
Gates 





Shaffer Hydraulic Cellar Control Gates—available in both Double (two 
ram compartments unitized into one body) and Single types—oare 
operated by hydraulic fluid under pressure. 


> Even in sizes as e as 1334” (12” Series 900), the Double 
Gate requres only 30” total overall height—the Single Gate 
only 1814’. Smaller sizes even less ! 

p Rams are quickly changed by simply opening doors in the side 
of the body, replacing the rams and bolting the doors shut again. 
And rams can be changed whether pipe is in or out of the hole! 
> Direct Hydraulic Drive (no complex secondary connections be- 
tween pistons and rams)-—Completely Enclosed Design (no 
exposed operating parts to become damaged) —Quick-Draining 
Compartments (no detrimental mud accumulations to interfere 
with free ram travel) ... these and many other features make 
these Gates unequalled for modern pressure control operations. 
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Mechanical 
Cellar Control 
Gates 





Shaffer Mechanical Cellar 
Control Gates—also available in 
both Double and Single types— 
are operated by synchronized 
screws rotated by a compact 
motor drive—or can be operated 
manually. 
> Even in sizes as large as 
1334” (12” Series 900) the 
Double Gate requires only 2812" overall height—the Single Gate 
only 1734”. Smaller sizes even less! 
> Rams are easily changed by removing only one end cover to 
replace complete ram assembly ! 
> Quick-Draining Ram Compartments—Pack-Off Assisted by 
Well-Pressure—Simple, Positive Operation . . . these and many 
other features make this equipment the ideal solution for many 
pressure control applications ! 





Rotating 
Blowout 


Preventers 


The Shaffer Combination Rotating ; 
Blowout Preventer and Stripper combines—in one 
unii—the necessary features for pressure control 
while the drill string is in the hole. 
> Can be used with any kelly—and standard 
type drill pipe (coupled, upset, or flush). No 
special equipment is needed! 
> Maintains continuous seal around pipe, 
couplings, tool joints, drill collars, subs, etc., 
automatically—whether string is rotating, be- 
ing raised, lowered, or is stationary. 








Des igned for heavy-duty, simplified pressure control 
while drilling, this equipment offers nm | important 
acvantages to safety-minded operators 





Shaffer Landing, Casing 
and Tubing Suspensions are available in a selec- 
tion of sizes and types to meet every requirement. 


Shaffer Adjustable Flow Beans—pioneers in the 
field—offer unique advantages found in no 
comparable equipment. 
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Well-Head 
Equipment 


> For maximum compactness, Base Heads 
and Combination Base, Casing and Tub- 
ing Heads are available for combining 
several units into one. 


> Shaffer also provides a full line of 
modern Tubing Heads (including new An- 
nulus Head designs), Multiple Zone Hook- 
Ups, and other equipment to complete your 
pressure control installation—anywhere in 
the world! 


For Flow 
Control 


> Available in Conical, Micro and electri- 
cally-heated Thermo Tips—both regular 
and hard metal designs—to meet various 
drilling, production and refinery applica- 
tions. All popular sizes—in both flanged 
and screw connections—to meet your in- 
dividual needs. 


Fishing 
Tools 









Are you familiar with the latest dual-purpose 
Shaffer Fishing Tools? . . . Shaffer-Waggener 
Bumper Safety Joints and Shaffer Jar Safety 
Joints. These and other Shaffer Fishing and Drill- 
ing Tools are revolutionizing many field opera- 
tions. They're described in the new Shaffer 
Catalog. Send for your free copy! 








See the Shaffer Section of your Composite Catalog 
for details on Shaffer equipment—or write direct! 
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RATIO MONTHS PER ACRE FOOT 
20 55 175 
30 70 190 
* 40 93 207 
100% waTer 277 263 
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FIG. 6. Calculated theoretical production history of one 20-acre, 5-spot water-flood project, Zone |, KMA reservoir. 


that the flow through a heterogeneous 
formation may be represented by the 
sum of the flow through a number of 
separate individual beds that will have 
horizontal flow only. The heterogeneity 
of the producing formation is evaluated 
from core-analysis data and an average 
permeability profile for the formation 
was constructed to proportion the aver- 
age thickness of the formation into beds 
called permeability brackets. 

The calculations shown in the report 
are divided into two parts. The volume 
of injected water for a single well is first 
computed, then the oil production fora 
single well is computed. After the cal- 
culations have been made on the single- 
well basis, the expected recoveries may 
be applied to the reservoir as a whole, 
or, to any part of it; however, as the 


core-anaylsis data were taken from the 
entire southwestern part of the KMA 
field, the application of the recovery 
factor to a small part of the field may 
involve some error. The calculations 
presented in this report are illustrative 
and are designed to give average values 
that will apply to the whole area studied. 
The results of these calculations indi- 
cated that approximately as much oil 
could be recovered by water-flooding as 
had been recovered to August 1, 1949. 
The theoretical performance history of 
one 20-acre, 5-spot, water-flood project 
for Zone 1 is shown in Fig. 6. In addi- 
tion, a summary of the calculated oil 
production from water-flooding and 
other data relating to the theoretical 
water-flood are tabulated in Table 3. 
The field presents several obstacles 








TABLE 3. Calculated theoretical oil recovery by water flooding Zone 1 and Zone 2 
to selected water:oil ratios, KMA reservoir, southwestern part, 
KMA field, Wichita and Archer counties, Texas. 

















Number of Time interval Oil Recovery Total make-up 
20-acre, five- Produced from start —— water required 
Area, Volume, spot, flood water: oil of flood, _ Barrels per for injection,! 
Zone acres | acre-feet patterns ratio months acre-foot Barrels million barrels 
20 55 175 18,745,000 50.9 
1 10,851 107,119 542 30 70 190 20,353,000 53.7 
40 93 207 22,174,000 56.9 
100 per cent 277 263 28,172,000 67.2 
water 
20 64 197 20,924,000 56.1 
23 11,642 106,214 582 
330 126 246 26,129,000 62.9 
20 186 39,669,000 107.0 
land 2 12,500 213,333 
combined 30 218 46,482,000 116.6 





! Assuming all of the produced water is returned to the producing formation. 
2 Assuming that beds over 300 md permeability can be selectively plugged. 
5 Average of the fluctuations in water: oil ratios during the remainder of the flood. 
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that must be overcome before a success- 
ful water-flood may be realized, but the 
tremendous volume of oil left in the 
reservoir is a direct challenge to the op- 
erators and engineers interested in the 
field. Irregular well spacing, streaks of 
high permeability within the producing 
zones, and the heterogeneity of the pro- 
ducing formation will be important 
problems in water-flooding. The writers 
believe, however, that the initiation of 
pilot water-floods, which would give a 
fair test of the susceptibility of the 
formation to water-flooding, are war- 
ranted. 
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Oil Well Spacing— 


The influence of well density 


on volume of ultimate recovery 


Abstract 


O: the nine students whose works have 
been reviewed, Cutler, whose studies 
preceded those of Tomlinson by over 25 
years, is the only writer whose reason- 
ing and conclusions appear to agree 
with those of Tomlinson. A careful study 
of the “tentative” spacing rule proposed 
by Cutler shows that his rule has been 
widely misinterpreted, and that even he 
should not strictly be considered as an 
advocate of close well spacing. Craze 
and Buckley and Muskat are in agree- 
ment with Bartram and Kaveler in their 
conclusion that well density is a minor 
factor in controlling ultimate recovery 
of oil from a reservoir. 

Miller and Higgins, reporting their 
studies in 1939, following Cutler and 
preceding the several other students did 
not state final conclusions on well den- 
sity. Cutler, Kaveler, Tomlinson, Bar- 
tram, and Muskat, no matter what their 
views with reference to effect of well 
density on total reservoir recovery, stress 
economic factors as being impertant in 
determining well density. Kaveler and 
Bartram also stress considerations of ex- 
pediency as an important factor in the 
problem. This refers, among other 
things, to the relationship between total 
field production and market needs. 

Based on the current studies, certain 
conclusions have been arrived at as fol- 
lows: 

1. There is not sufficient understand- 
ing of physical principles controlling 
movement of multi-phase fluid in oil res- 
ervoirs or of all of the inter-related 
reservoir characteristics to permit full 
theoretical solution of well spacing 
problems. 

2. While porosity and permeability 
in most fields are known to be irregular, 
and to lack apparent even continuity, 
fluid flow performances are frequently 
much the same as if discontinuities did 
not exist. 

3. In gas-expansion reservoirs the 
original energy potential of the gas is 
normally much greater than that need- 
ed to move oil to wells through great 
horizontal distances, and to raise the 
oil produced in the early life of a pool 
to the surface after it reaches well bores. 

4. Energy available for moving oil to 
wells in water-drive fields is limited 
only by time and is not qualified by dis- 
tance of horizontal movement. 

5. In fields with gas expansion and 
water-drive energy production should be 
controlled to make maximum use of wa- 





Well spacing is one of the con- 
troversial problems of the oil in- 
dustry. Each operator in a field seeks 
to solve the problem from his own 
standpoint, bringing his views into 
focus with his own economic position. 

Ideally, each field should be ana- 
lyzed and the well spacing deter- 
mined to yield the greatest ultimate 
production at the least cost. 

The Interstate Oil Compact Com- 
mission undertook to gather basic 
material to aid in determining well 
spacing. The Research and Coordin- 
ating Committee under its chairman, 
G. E. Eddy, began its work in 1949. 
The members have had before them 
such authorities on well spacing as 
Dr. H. H. Kaveler, assistant manager 





IOCC Reports Findings on Well Spacing 


of production, Phillips Petroleum 
Company; Dr. C. W. Tomlinson, geo- 
logist, producer, and past president 
of the AAPG; John G. Bartram, con- 
sulting geologist, Stanolind Oil and 
Gas Company, all of whom have 
given their views orally and have pre- 
sented papers. Others whose ideas on 
the subject were considered in the 
study included Cutler, Miller and 
Higgins, Craze and Buckley, and 
Muskat. 

This report on the committee’s 
work was prepared by a sub-commit- 
tee in 1951 and was published by the 
Interstate Oil Compact Quarterly 
Bulletin, September, 1951. This is 
the full report made, not a conden- 
sation. 








ter-drive energy, and hold as much orig- 
inal solution gas as possible in the oil 
until the oil reaches the vicinities of well 
bores. 

6. Both gas-cap drive and gravity 
drainage may become important factors 
in moving oil to well bores. 

7. In either solution-gas, water-drive, 
or combination drive reservoirs the ul- 
timate production of oil is independent, 
within reasonable limits, of well density. 

8. Assuming the same efficiency if 
other features of reservoir development 
and control the greater the well density 
the shorter may be the time in years 
required to produce all the recoverable 
oil from a reservoir. This should be qual- 
ified on two counts: 

(a) The total oil required from a 
field to fill market demand might be pro- 
duced as efficiently from fewer widely 
spaced as from many closely spaced 
ones. 

(b) The total oil that could be pro- 
duced from a reservoir without physical 
waste might be as efficiently produced 
from fewer widely spaced as from many 
closely spaced wells. 

9. Efficient reservoir control to secure 
maximum benefit of driving energy is 
the principal factor in securing maxi- 
mum oil recovery from a reservoir. Unit- 
ization of development and operation is 
one of the most important ways of ac- 
complishing efficient control. 

10. Well spacing should be chosen 
to fit structural and reservoir fluid char- 
acteristics, peculiarities and irregular- 
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ities, and not in accordance with some 
regular geometric pattern. In full appli- 
cation this would necessarily involve 
unitization. 

11. Economic considerations and 
those of expediency must necessarily 
have an important influence in determin- 
ing well density. Over-all decisions 
should be made by geologists, engineers, 
and economists. 

12. Where land lease controls per- 
mit, new oil fields could be first devel- 
oped on wide spacing patterns. Final 
well density and other development and 
production practices could then be de- 
termined in the light of geological, engi- 
neering, and economic information de- 
veloped. 

13. Concepts of primary and second- 
ary recovery should be merged to con- 
sider the two stages of production as 
one, the continuing primary state. 

14. The natural factors that have im- 
portant influence on ultimate recovery 
of oil from a reservoir are kind of rock, 
character of porosity, type of structure, 
extent of faulting and fracturing, struc- 
tural relief, producing thickness, type 
of drive, permeability, viscosity, connate 
water, gas-oil and water-oil ratios, and 
reservoir pressure. 


Discussion 


It would be impracticable in a report 
of this nature, and it would serve no 
useful purpose, to try to abstract or to 
comment on_all sections of the various 
studies that have been reviewed. An at- 


B-73 











tempt is made to consider some of the 
approaches to the well density problem 
and the pertinent conclusions at which 
the several investigators have arrived. 


Cutler—Willard H. Cutler’s studies 
were made for the U. S. Bureau of Mines 
in 1924, when reservoir engineering as 
a science was in its infancy. Cutler an- 
alyzed and compared production statis- 
tics for several solution-gas drive pools 
with varying well densities. Based on 
these comparisons, and without recourse 
to principles of physics or mathematics, 
he arrived at a “tentative rule” that “the 
ultimate production for wells of equal 
size in the same pool, where there is in- 
terference (shown by production de- 
cline curves for different spacings) seem 
approximately to vary directly as the 
square roots of the areas drained by the 
wells,” or “the recovery from wells of 
equal size producing under similar con- 
ditions in the same pool is proportional 
to the average distance that the oil 
moves to get to the well.” 

In application the “tentative rule” ap- 
pears to show that “for wells of equal 
size in the same pool, where there is in- 
terference” (1) a well with a drainage 
radius of 330 ft would ultimately pro- 
duce one-half as much oil as a well with 
a drainage radius of 660 ft. (2) A 40- 
acre tract of land would produce two 
times as much oil from four wells, one 
in the center of each 10-acre fraction, 
as it would from one well in the center 
of the 40-acre tract. 

Cutler’s “tentative rule” has been 
rather consistently and widely misin- 
terpreted as an attempt to show that the 
greater the well density in a field the 
greater will be the ultimate oil recovery 
from that field. Students have failed to 
give attention to Cutler’s clearly stated 
reference to wells of “equal size” or 
equal initial production in the “same 
pool” but with differing acreage drain- 
age or distances between wells. A strict 
interpretation of the “tentative” rule 
would provide closely spaced wells of a 
given initial production would be ex- 
pected to produce a larger percentage 
of the ultimate production from the pool 
than more widely spaced wells of equal 
capacity. There is no implication that 
close well spacing would lead to a larger 
ultimate pool recovery than wide spac- 
ing. Cutler’s “tentative” rule is really a 
“rule of capture” as his observations 
were based on wide open-flow operations 
in fields and at a time when maximum 
“capture” was an all-important object 
in production. 

It is apparent that Cutler’s develop- 
ment of a mathematical formula for ap- 
plication to the fluid flow problem with- 
out support of principles of physics was 
ill advised. 

His only attempt at theoretical analy- 
sis is that “this (tentative) rule seems 
to rest on the fundamental mechanical 
law that the energy required to move a 
fluid (either liquid or gas) through a 
pipe, or analogous conductor, is pro- 
portional to the distance.” A basic error 
in the reasoning is the assumption that 
a body of porous media through which 
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fluid may move radially is analogous to 
a pipe. 


Miller and Higgins—Miller and Hig- 
gins, both petroleum engineers for the 
Bureau of Mines, published the results 
of their studies in 1939, fifteen years 
after the Cutler publication. In this lat- 
er publication the Bureau engineers 
acknowledged the error in Cutler’s orig- 
inal assumption that radial flow of fluid 
through a body of porous media obeyed 
the same mechanical law with reference 
to energy required as that for linear 
flow through a pipe. It is shown that for 
a liquid or a “dead” oil an equation 
based on Darcy’s law would be appli- 
cable for a radial flow through uniform 
sands. An example is worked out to 
show that under an assumed hypotheti- 
cal set of pressure and volume of oil 
production conditions the application of 
the formula based on Darcy’s law would 
indicate that only 10 per cent more en- 
ergy would be required to move a given 
volume of oil in 24 hr to a well with a 
drainage radius of 660 ft than would be 
required to move the same volume of oil 
in 24 hr to a well with a drainage ra- 
dius of 330 ft. According to Cutler’s er- 
roneous reasoning doubling the radius 
of flow would have required double the 
energy. The illustration lacks special 
applicability because oil reservoir fluids 
are multi-phase and not “dead” liquid 
like water. 

Miller and Higgins also question the 
sufficiency for purpose of general appli- 
cation of the factual oil production data 
cited by Cutler as a basis for the statis- 
tical comparisons, that furnished a back- 
ground for his original assumption of a 
square root relationship between ulti- 
mate production from differently spaced 
wells in the same field. 

The whole effect of the Miller and 
Higgins paper is that of almost fully re- 
pudiating Cutler’s “tentative” rule. 


Craze and Buckley —A study was 
made by Craze and Buckley in 1945 and 
1946 for the special study committee on 
well spacing and allocation of produc- 
tion of the American Petroleum Insti- 
tute. All available reservoir and produc- 
tion information and statistical data for 
103 oil pools were made available for 
the study by the A. P. I. The fields were 
widely distributed geographically and 
a wide range of reservoir and fluid char- 
acteristics was represented. Of the 103 
fields included in the study 76 were wa- 
ter-drive, 70 producing from sand reser- 
voirs, and 6 from limestones or dolo- 
mite. There were 27 dissolved gas or gas- 
cap drive sand reservoirs. The well spac- 
ing range was from 2.6 to 65.6 acres per 
well. At the time of the study 62 of the 
103 fields had produced more than 50 
per cent of the expected ultimate produc- 
tion and 12 additional fields were more 
than 40 per cent depleted. 

The Craze and Buckley approach to 
the spacing problem was strictly one of 
analysis of statistical data. In order to 
determine if difference in well density 
or spacing have a direct and recogniz- 
able effect on amount of ultimately re- 
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coverable oil from pools the invesi'ga. 
tors adopted a method of analysis hy a 
series of graphs. The graphs were de. 
signed to eliminate in several steps the 
effects on recovery of such varying {ac. 
tors as reservoir porosity, viscosity, per- 
meability, and pressure decline. The 
method is strictly empirical. It has the 
virtue of reason, order, and ingenuity, 
Certainly a serious attempt was mace to 
refine the results of the study to show 
differences in oil recoveries due to dif- 
ferences in well density. In the present 
study it is concluded that the work is 
comprehensive, thorough, and depend- 
able as possible through statistical an- 
alysis. 

The final graphic results show, accord- 
ing to Craze and Buckley, that for gas- 
drive reservoirs “there is no apparent 
relationship between ultimate recovery 
and well spacing.” For water-drive pools 
they conclude: “ . . . there is no evi- 
dence in these data of a direct relation- 
ship between ultimate oil recovery and 
well spacing for the water-drive sand 
fields studied.” 

The small number of lime and dolo- 
mite fields and the lack of adequate data 
prevented a sound study of the effects of 
well spacing on recovery. 

Although believing firmly that their 
study shows conclusively that there is no 
direct relationship between oil recov- 
ery and well spacing, the authors ac- 
knowledge that there is basis for ques- 
tion as to sufficiency of data and ade- 
quacy of analytical criticism. On this 
subject they say, “In effect, this criti- 
cism gets at the root of the difficulty of 
the direct study of,the effects of well 
spacing. To determine conclusively from 
direct comparison of ultimate recov- 
eries that well spacing does or does not 
affect the recovery would require com- 
parison of the ultimate recoveries of 
fields which were identical in every de- 
tail except the well density. Such com- 
parison will never be possible, for ob- 
vious reasons.” 


Tomlinson—In one report “Well 
Spacing and Use of Energy,” in 1950. 
Tomlinson treats the subject of well 
density in a great deal of detail in the 
matter of statements of principles of 
physics and their mathematical formu- 
lation as applied to flow of fluids. As- 
suming an oil reservoir as “perfectly 
homogeneous throughout, filled with 
uniform sand and saturated with uni- 
form viscous liquid whose properties 
remain constant,” he gives definite sup- 
port to Cutler’s “tentative rule.” 

In his apparent attempt to.give valid- 
ity to Cutler’s work, Tomlinson cites 
more principles and theories than the 
former and expands their applications 
to the extent of adding to the deficiencies 
and errors in the matters of character 
of flow of liquids through porous me- 
dia. Some of the principles cited with 
reference to movement of liquid might 
in theory be true for a single phase non- 
compressible liquid. They could not be 
valid in application to any multiple 
phase fluid with expanding gas furnish- 
ing the moving energy. Tomlinson ac- 
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knowledges this by implication at the 
outset by specifying that he assumes a 
“liquid whose properties remain con- 
stant.” 

Following his discussion of fluid 
movement through the energy of ex- 
panding gas, Tomlinson gives consider- 
able attention to water drive. He finds 
that in oil pools with effective water- 
drive sufficiently permanent to outlast 
the commercial life of the pool, the en- 
ergy available to move liquid toward 
wells should not be as fully depleted at 
the time of abandonment as in pools 
without water drive. He qualifies the 
possible beneficial effects of mainte- 
nance of pressure by water-drive by 
stating, “But if during the productive 





period coning (either lateral or verti- 
cal) of the water-oil contact toward 
wells has reached such a point that little 
but water reaches the wells, the water- 
drive energy still present is of little 
avail in bringing to the wells oil which 
may remain trapped in inter-cone de- 
pressions of the water-oil contact be- 
tween wells.” He doubts that modern 
production practices that restrict pro- 
duction of oil for the purposes of main- 
taining pressure, holding original gas 
in solution, preventing water coning, 
and making a maximum use of water- 
drive energy are sufficiently widespread 
or sufficiently effective to have an im- 
portant effect on oil recovery. 


He minimizes the actual or potential 
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work available in water drive by stating 
that it is a mistake to consider water. 
drive energy as an infinite quantity jn 
finite time. He doubts that water-drive. 
though valuable, as much as doubles the 
energy which would otherwise be avail- 
able to produce flow during the exploj- 
tation period. He agrees that in extreme 
cases it may furnish many times that 
much energy. 

Tomlinson’s theory that for every oil 
reservoir there is a critical spacing of 
wells, the spacing “ .. . at which avail. 
able energy would be just adequate, if 
effectively applied at all points in the 
reservoir, to bring to the wells all the 
recoverable oil,” could possibly apply 
in some solution-gas drive reservoirs, as- 
suming that a reservoir be continuous 
in all physical characteristics. It is sure- 
ly not correct with reference to reser- 
voirs with active water-drive mechan- 
isms. It is probably not valid in gas. 
drive reservoirs of marked structural 
relief where gas cap gas may be orig- 
inally present, or may be developed as 
reservoir pressures decline. It is not valid 
for reservoirs in which continuity may 
be interrupted by faulting or other ob- 
structions or barriers. Tomlinson states. 
“The problem of determining the criti- 
cal spacing of wells for a particular field 


‘can be approached from past experi- 


ences with similar reservoirs containing 
similar oil under like conditions.” This 
reduces the problem to a solution de- 
pending on long-time experience and 
observation, and the doubtful proposi- 
tion that any two reservoirs will be found 
to be similar in all respects. The subject 
of critical spacing becomes for the pres- 
ent academic at bést. 

There are several reasons that justify 
discarding the portions of the ‘Cutler 
and Tomlinson works that deal with the 
effects of well density on ultimate pro- 
duction from an oil reservoir: 

1. Cutler’s work is discredited by the 
later Bureau of Mines work of Miller 
and Higgins. Engineering anlysis sup- 
ports Miller and Higgins in the matter. 

2. If Cutler’s work be deprived of its 
validity, Tomlinson’s attempted support 
also loses validity. While some, but cer- 
tainly not all, of Tomlinson’s theory 
might be sound as applied to flow of a 
single-phase fluid, as oil or water, it is 
none of it applicable to multi-phase 
fluid flow. 

3. Cutler gives no attention to water- 
drive energy as applied to moving oil 
toward well bores and Tomlinson great- 
ly underrates its importance. 

4. The so-called factual data present- 
ed by Cutler and supported by Tomlin- 
son are of doubtful value in extensive ap- 
plication to oil reservoirs because: 


(a) The data refer to production 
from sandstone reservoirs with low 
permeability. The drive was solution 
gas with very minor water-drive po 
tential. 

(b) Modern scientific production 
practices -were unknown during the 
early lives of the fields studied. Wells 
were produced wide open with a greal 
waste of gas and of gas-drive energy: 
It is a well-established fact that these 
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wastes are avoided to a very important 
extent through modern production 
practices. 


A second study by Tomlinson is that 
reported as “A Statistical Analysis of 
Well Spacing Data, 1950.” This is a 
critical re-analysis of the data studied 
by Craze and Buckley for the A. P. I. 
In his re-examination of the Craze and 
Buckley charts, Tomlinson finds sup- 
port for interpretations opposing those 
of Craze and Buckley. In his own inter- 
pretation he finds an expected ultimate 
recovery from pools with wells spaced 
closer than 20 acres of double the 
expected recovery from pools with 
wells more widely spaced than 20 
acres. Tomlinson’s findings in this work 
agree with his formerly expressed con- 
viction. He disagrees with Craze and 
Buckley’s interpretation of their own 
chart results and questions the complete- 
ness of chart analysis. He questions 
grouping so many fields of such varying 
characteristics, with great variations in 
field areas, into a consolidated statistical 
study. He also appears to accept with 
reluctance data from unidentified fields 
for which neither Craze and Buckley 
nor he himself can check the data or 
look for new information. 

This questioning of the credibility or 
the sufficiency of data as a basis of analy- 
sis may well be justified. A paragraph 
quoted in an earlier section of this re- 
port indicates that Craze and Buckley 
are to some extent in agreement with 
Tomlinson on this subject. If the ques- 
tion is justified then Tomlinson’s own 
analyses of the data loses its value, and 
the discussion will have accomplished 
nothing conclusive for either school of 
thought. 

In this discussion, Tomlinson renews 
his former support of Cutler’s “tenta- 
tive” rule, appearing to continue his ear- 
lier misinterpretation of the rule. We 
still find Tomlinson’s attempt to retain 
Cutler’s work as a part of the problem to 
be unacceptable. 

Tomlinson again brings into the dis- 
cussion matters of reservoir energy, both 
that originally potentially available and 
that actually required to move oil in 
reservoirs. In examining his earlier 
work we have been in disagreement with 
him in his theories on this subject. Our 
study indicates that in the present state 
of knowledge the geologists, engineers. 
or physicists are unable to determine the 
amount of energy required to move a 
multi-phase fluid radially through por- 
ous media. We find nothing in this latest 
report to support Tomlinson’s advocacy 
of close well spacing. 


Bartram —In one paper “Why Do 
Many Geologists and Engineers Dis- 
agree on Well Spacing?”, published in 
1950, Bartram discusses the well den- 
sity problem in non-technical terms, but 
the treatment shows a background of 
thorough technical study. It also shows 
analysis of much factual data, and exam- 
nations of the theories and conclusions 
of other geologists and engineers. While 
the differences in ideas between the two 
classes of technicians is not a direct ob- 








ject of the study, it is interesting to ob- 
serve that Bartram, a geologist, gives 
more credence to the ideas of the engi- 
neers than to those of the geologists. 
He calls on geologists, who were the 
earliest students of oil reservoirs, to give 
more open-minded attention to the ideas 
developed by engineers. He asks the en- 
gineers to make a greater effort to pre- 
sent their ideas to geologists and to all 
the industry in terms they will under- 
stand. Bartram’s paper itself appears to 
have been written and published with 
the purpose of reconciling the conflict- 
ing ideas of the two professions as well 
as presenting his conclusions to other 
interested elements of the industry and 
of regulatory authorities. 


He cites the belief of engineers that 
only a small part of original reservoir 
energy is used to move oil horizontally 
to wells, and that large amounts of oil 
are not left stranded in fields simply be- 
cause the wells are widely spaced. The 
engineers believe that relative to the 
amount of energy available very little 
energy is necessary to overcome friction 
or other interference to flow in ordinary 
oil reservoirs. 

He shows that according to calcula- 
tions made by Keller and Calloway, 
“Critical Analysis of Well Density on 
Recovery Efficiency,” A. I. M. E., Oc- 
tober 1949, on expenditure of energy in 
moving oil, recoveries vary only slight- 
ly for well spacings over a very wide 
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range. Considering depletion-type, or so- 
lution-gas fields without any water or 
gas-cap drive effects and using a well 
abandonment rate of three barrels per 
well per day they arrived at the follow- 
ing: 

For average permeability of 15 md 


Per cent of 

Spacing acres original oil 

per well recovered 
160 16.45 
80 16.52 
40 16.60 
20 16.52 
10 16.60 
2% 16.93 

For average permeability of 300 md 

40 19.87 
20 20.01 


The calculations show a very small 
theoretical difference in the percentage 
of original oil expected from a section 
of land with 64 wells and the percent- 
age expected from a section of land with 
four wells. 

They also show only 20 per cent more 
oil theoretically expected from a reser- 
voir with an average permeability of 300 
md than from a reservoir of 15 md. 

The slightly higher recovery for the 
closer well spacings is calculated as due 
to slightly greater recovery in a small 
area immediately adjacent to each add- 
ed well. 

Bartram, who has extensive and inti- 
mate acquaintance with the Healdton, 
Oklahoma, field, questions the produc- 
tion data relied on by both Cutler and 
Tomlinson. He believes that both the 
data used and the interpretations by 
Cutler and Tomlinson are insufficient 
and faulty, and he disagrees with their 
theories and their conclusions. 

Bartram presented a second report, 
“Well Spacing From a Geologist’s View- 
point,” before this committee in April 
1950. In this paper he refers to the 
Craze and Buckley statistical analysis 
and to the 1950 Tomlinson reanalysis of 
the same data that had been used by 
Craze and Buckley. He comments on the 
fact that separate analyses of the same 
data had convinced Craze and Buckley 
that well density is not an important fac- 
tor in securing maximum recovery from 
oil pools, while an opposite conclusion 
was reached by Tomlinson. He then pro- 
ceeds to a new analysis of the data for 
64 of the 70 water-driven sand reser- 
voirs considered by Craze and Buckley. 
Bartram’s findings agree with those of 
Craze and Buckley. He again refers to 
the Hewitt field data that had furnished 
a partial basis for the Cutler and Tom- 
linson work. He has made a new survey 
of production for the field and new iden- 
tifications of close and wide spaced sec- 
tions of the field. He has also identified 
areas of known higher porosity and high- 
er original per well production poten- 
tials. This study shows that Bartram still 
disagrees with both Cutler and Tomlin- 
son. 

Before recording his own analysis of 
the Craze and Buckley data, and as a 
general comment on arguments on the 
spacing problem, Bartram says, “Statis- 
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tical analyses have not settled the ques- 
tion, and the argument continues. In 
the following paragraphs some of the 
previous statistical analyses will be dis- 
cussed and some new data presented. 
This will show that different investiga- 
tors can draw opposite conclusions from 
essentially the same data, and that sta- 
tistics can probably never settle the 
well-spacing problem.” 

In concluding his discussion of the 
Hewitt field he says further, “Tomlin- 
son, with his analysis of Hewitt, has not 
proved that the distance between oil 
wells is the most important factor in oil 
recovery. There are so many variables in 
the recovery problem at Hewitt, and in 
all other fields, that statistical analyses 
of fields will never settle the well-spac- 
ing problem to everybody’s satisfaction.” 


Kaveler—In treating the subject of 
well density Kaveler, in his report, 
“Some Considerations in Regulating of 
Well Spacing,” makes no attempt to 
cite either principles, theories, or sta- 
tistics. Rather, he cites the conclusions 
with reference to spacing at which 
either he or other students have arrived. 
One quotation from Kaveler appears to 
state rather fully his ideas in both the- 
ory and practice as to well density. “Pe- 
troleum technology teaches, and reliable 
field data is rapidly accumulating as 
substantial proof that within the range 
of well spacing usually encountered in 
the oil fields of the United States, that 
is, in the range of one well per five 
acres up to one well to 40 or 80 acres, 
the ultimate recovery of petroleum from 
a pool is substantially independent of 
well spacing or number of wells drilled.” 

Another quotation is, “The well-spac- 
ing in a pool is not to be determined by 
starting with the false notion that wells 
have a limited capacity to drain reser- 
voirs or that it is only through drilling 
on some ‘close’ spacing that petroleum 
can be conserved. Rather the well-spac- 
ing in a pool is to be determined by act- 
ing with full knowledge that a well has 
unlimited capacity to drain a common 
source of supply and that the well-spac- 
ing is more to be determined by the rate 
of production to meet market demand 
than it is by any other factor.” Kaveler 
especially stresses the importance of 
proper conservation measures in assur- 
ing maximum recovery from oil fields. 
On this subject he says, as part of a 
longer discussion, “The great conserva- 
tion achievement in the East Texas field 
is not the number of wells drilled nor 
the great density of wells—rather it is 
the degree of pressure maintenance ob- 
tained by adjusting production so as to 
make beneficial use of a natural water- 
drive supplemented by water injection.” 

Kaveler’s report on well spacing, 
“More Wells, More Oil?”, cited produc- 
tion performance records from six oil 
pools in Oklahoma that were originally 
partly developed on 40-acre spacing 
plans and after establishment of definite 
production trends, further developed by 
infill wells, or expanded, on 10 or 20- 
acre basis. He plotted production data 
for the separate pools, on log-log graphs. 








The production curves show very «lose 
agreement between the ultimate ex. 
pected recovery from the pools while 
producing from 40-acre spaced wells 
and that expected after additional wells 
were drilled. This is true even when the 
later drilling expanded the pool boun. 
daries. The graphs definitely show the 
interference effect on production from 
older wells by diversion of oil to later 
infill or field extension wells. The study 
furnishes substantial proof that in ihese 
pools close well spacing has not been 
effective in bringing about greater re. 
covery than wider spacing would have 
done. It also furnishes evidence that 
where faulting or other obstruction to 
movement of oil in a reservoir does not 
interfere, oil will travel horizontally 
over substantial distances to reach well 
outlets. This is stressed by Kaveler. It 
also gives support to a theory held by 
engineers that the gas or water drive 
energy-potential in oil pools is large 
enough to move reservoir oil through 
distances that permit reasonably wide 
spacing. 

Kaveler’s statement of principles 
established by petroleum engineering 
technology in respect to well spacing is 
worthy of quote. These are: 

“1. Define the extent of the pool and 
the limits of production. 

“2. Insure that every segment of the 
pool productive of petroleum is pene- 
trated by at least one well. 

“3. Insure sufficient wells, after con- 
sideration of geological and reservoir 
characteristics of each pool, to permit 
the maximum beneficial use of either 
natural or artificial sources of reserve 
energy. 

“4. Insure sufficient number of wells 
to maintain productive capacity at rates 
equal to or in excess of market demand 
for petroleum.” 


Muskat—In the matter of studies of 
physical principles involved in flow of 
fluids through porous media, and the 
application of the theories to well den- 
sity problem, Muskat has been much 
more thorough than any other student of 
the subject. Further, his analysis of the 
dynamical application of the principles 
and his mathematical formulations of 
the problem are probably scientifically 
sound as far as he has attempted to 
carry them. But while concluding that 
theoretically ultimate total oil recovery 
from a solution-gas-drive reservoir is in- 
dependent of well density, he finally re- 
duces the spacing problem to one of 
economics. A quotation on the subject 
is (Page 833, Paragraph 2), “The pres- 
ent status of the well spacing problem 
in pure solution-gas-drive reservoirs, 
from the theoretical point of view, thus 
appears to be one where physical ulti- 
mate recovery is generally considered 
to be independent of the spacing or 
drainage area per well. This still repre- 
sents only an assumption, though there 
is no conclusive evidence to the con- 
trary. The economic ultimate recovery 
is also beyond the power of rigorous 
calculation. All the approximate meth- 
ods of analysis thus far proposed, how- 
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This photomicrograph of a steel 
specimen from a REED Tool Joint 
means little to most people—but an 
internationally famous steel com- 
pany said, “It is one of the most 
perfectly heat treated . . . one of 


the most homogeneously tempered ° 


martensitic structures...” they had 
ever seen. 


In plain English, that simply means 
that the REED Tool Joint is excep- 
tionally strong and tough. 





- Neres another reason why 


REED TOOL JOINTS 
last longer f 


The steel in your REED Tool Joints 
is just like that, because REED 
“tailors” precision heat treating to 
each heat of steel instead of using 
a standard heat treatment based on 
average analysis. 


This “tailored” heat treatment 
makes REED Tool Joints even 
stronger and more wear resistant. 
It is another important reason why 
REED TOOL JOINTS LAST 
LONGER! 


REED ROLLER BIT COMPANY 
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ever, lead to essentially the same results, 
namely, that within the range of physi- 
ca) data pertinent to actual oil reser- 
voirs the economic ultimate recovery in 
solution - gas- drive reservoirs will in- 
crease slowly as the well density is in- 
creased. The final economic evaluation 
of different well spacing development 
programs will be primarily controlled 
by the purely economic factors of well 
cost, net price of oil, interest rate, and 
operating life. . . .” 

With respect to complete water-drive 
fields, Muskat states, (Page 898, Para- 
graph 3) “In complete water-drive fields 
the well density should be only so great 
as will provide the allowed field with- 
drawals. The latter if feasible should be 
limited to the capacity of the aquafer to 
replace the withdrawals without con- 
tinued and excessive pressure declines.” 

In summarizing the well-spacing prob- 
lem he says (Page 896, Paragraph 3), 
“There is no completely satisfactory 
theory for predicting the variation of 
either physical or economic ultimate 
recoveries of oil with well spacing. 
Physical and theoretical considerations 
do not provide a mechanism such as 
would indicate a substantial variation 
of the physical ultimate recovery with 
the well spacing. . . . On the other hand 
there is a great deal of evidence that 
oil and water reservoir fluids can move 
through inter-communicating and con- 
tinuous porous media over distances 
comparable with gross reservoir dimen- 
sions. .. . There are no significant ob- 
servations indicating that the local ef- 
ficiency of oil displacement by water or 
gas is appreciably affected by the dis- 
tance which these fluids have moved 
from their original locations.” 

Muskat comes to conclusions too nu- 
merous and expansively stated to per- 
mit quotation as to various treatments 
of well spacing problems. He gives final 
governing importance to considerations 
of expediency and economics. In the 
matter of expediency he would adjust 
well density to permit production to 
conform to market demand, always at- 
tempting to attain a balance with other 
factors such as conservation and eco- 
nomics. Economic considerations would 
especially involve all factors of cost, rev- 
enues, and time. All other things being 
equal, including serving public inter- 
ests, a small fraction of possible ulti- 
mate recovery could be sacrificed as a 
factor in overall economics. Wide rather 
than close well spacing might bring 
about very minor reductions in total 
recovery. 


General Comment 


The quotations from and discussion 
of the several papers reviewed have been 
purposely limited to the subject of com- 
parative ultimate recoveries of oil from 
reservoirs with varying well densities. 
Without exception the authors who ap- 
proached the subject theoretically, ap- 
plying principles of physics and mathe- 
matics, acknowledge that their analyses 
necessarily fall short of complete cover- 
age, because of the impossibility in the 
present state of flux in theoretical knowl- 
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edge as applied to such an intricate 
problem of understanding and evaluat- 
ing all factors. The difficulty in techni- 
cal analysis is compounded by the fact 
that ideal reservoir conditions and sin- 
gle phase, unchanging fluids do not 
exist in oil fields. All assert that eco- 
nomic considerations must be given 
great weight in determining proper well 
density in any field. Kaveler and Bar- 
tram stress the fact that oil reservoirs 
are composed of more than one, and 
possibly many, producing segments, as 
where faulting may interrupt continuity, 
and that in such fields spacing on a 
strictly. geometric pattern might de- 
prive some segments of production out- 
lets, while providing others with more 
outlets than necessary. 


Conclusions 


Based on the re-study that has been 
given to the spacing problem, includ- 
ing the observations based on the expe- 
riences of committee members, the fol- 
lowing conclusions are arrived at: 


There is not at present sufficient un- 
derstanding of the radial flow of multi- 
phase fluids through porous media to 
permit dependable theoretical solution 
by application of principles of physics 
to the well density problem. Factors of 
reservoir porosity, permeability, and 
dimensions, and of fluid characteristics 
are never accurately determinable, so 
that even if theoretical understanding 
were reasonably complete the problem 
could not be formulated because of lack 
of knowledge of numerical values of 
factors. 


2 


Although porosity and permeability 
of oil reservoir rocks are usually more 
or less irregular and apparently lacking 
in even continuity, either horizontally or 
vertically, experience shows that in 
either sand or limestone reservoirs there 
is usually sufficient continuity to permit 
flow and production performance to 
some extent the same as they would be 
if continuity were complete. Exceptions 
would be reservoirs where discontinui- 
ties have the effect of dividing reser- 
voirs into a multiplicity of productive 
segments. Variations in oil and gas 
productive capacities of wells that are 
usual throughout fields, and among even 
closely offsetting wells, are evidence 
that discontinuities in porosity and per- 
meability have marked local influences 
on movements of fluids. These localized 
influences are not necessarily field-wide 
in effect. 


3 


The potential expansion energy of the 
gas in solution in most oil reservoirs is 
very great. Theoretically it is many 
times that believed to be necessary to 
move oil horizontally through reservoirs 
from the borders of a 40-acre, or larger, 
tract to a centrally located well. Energy 
potential varies, of course, with solution 
gas-oil ratio and pressure. A substantial 
proportion of the gas energy in a reser- 
voir is expended in lifting oil from bot- 
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toms of wells to the surface. Total orizi. 
nal potential is so large that the por. 
tion expendable for moving oil and over. 
coming frictional and other reservoir 
losses, before entry of oil into well 
bores, is many times enough to move 
oil horizontally over long distances. 


4 


In water-drive reservoirs the energy 
available for moving oil from remote 
locations in a reservoir is limited or in- 
herently qualified primarily by time. 
The efficiency with which this energy 
may be expended is dependent upon 
type of porosity, percentage of porosity, 
permeability, and structural relief and 
conformation, but not on well spacing. 


5 


For reservoirs with combination solu- 
tion-gas and water-drive energy, maxi- 
mum practicable efficiency can be ob- 
tained by so controlling well and total 
production rates that oil in moving to- 
ward well bores may retain its gas at as 
nearly original solution volume as possi- 
ble. This control should provide for ex- 
penditure of water drive energy only un- 
til oil reaches vicinities of well bores, 
and should permit the use of gas energy 
mostly for lifting oil from the bottoms 
of wells to the surface. An important 
subsidiary consideration would be pro- 
duction of an even volume of gas over 
a maximum space of time for beneficial 
surface uses or return to reservoirs. 


6 


In either gas drive or combination 
gas and water-drive reservoirs where 
water drive is very slow, the driving in- 
fluences of either gas-cap or gravity 
drainage are important as oil recovery 
agencies. Either or both should be ac- 
corded considerable credit as recovery 
mechanisms. 


7 


In strictly gas-expansion drive reser- 
voirs of very low permeability, volume 
of ultimate recovery of oil is not inher- 
ently dependent, except to a very minor 
extent, on well density, within the range 
of one well or more to a square 40-acre 
tract of land. The 40-acre figure is to 
some extent arbitrary. A qualification 
is that where there is a lack of either 
vertical or horizontal permeability and 
a pool may be divided into several pro- 
ducing segments, each segment, large or 
small must have production outlet 
through at least one well. 


In water-drive or combination gas and 
water-drive reservoirs, within normal 
ranges of porosity and permeability, the 
volume of ultimate recovery of oil is not 
dependent on well density. Wider spac- 
ing than normally used may be suf- 
ficient, depending on structural, reser- 
voir and fluid characteristics. 


9 


The basic considerations in movement 
of fluid in oil reservoirs are applicable 
to either sandstone or limestone—dolo- 
mite reservoirs. 
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Well density can have a very impor- 
tant effect on the time required to pro- 
duce all of the recoverable oil in a reser- 
yoir or a producing segment of a reser- 
voir. The greater the well density the 
less should be the number of years re- 
quired, provided market demand is 
high, to produce the maximum of recov- 
erable oil from a pool. 


Efficient production methods, includ- 
ing maximum obtainable control of 
energy, with resulting efficient use of 
this energy in moving oil, is the most 
important factor that is subject to con- 
trol by operators in securing maximum 
ultimate production of oil from a reser- 
yoir or a separate producing segment of 
a reservoir. 

(a) In fields with reasonably active 
water-drive the primary aim should be 
to so control production from individual 
wells and from the reservoirs as a 
whole that edge and bottom water ad- 
vances will be reasonably regular, or 
approaching a level plane, preventing 
or minimizing coning or premature ad- 
vances of water into areas of high per- 
meability. ;, 

(b) In fields where water-drive is ab- 
sent, or of only minor importance, and 
solution gas is the only active driving 
agency the problem becomes complex. 
To move the oil some gas must escape 
from solution and continue expanding 
as free gas globules. This escape from 
solution should be kept at the lowest 
practicable, rate. It is possible that the 
problem may be best solved by restrict- 
ing oil production from individual wells 
to rates that will result in lowest pro- 
ducing gas-oil ratios. This production 
rate can be determined only by testing 
individual wells. The most efficient con- 
trol would include both individual well 
and field-wide regulation. Strict physi- 
cal conservation would be apt to require 
that gas-cap wells and some high gas- 
oil ratio wells be closed in entirely. 


If the aim in reservoir control be 
that of securing the greatest ultimate 
recovery of oil from the reservoir as a 
whole the question of location of wells 
ceases to be that of density, or spacing 
on some geometrical pattern. Rather, 
well locations will be chosen to fit struc- 
tural and reservoir characteristics or 
peculiarities, including the many pos- 
sible variations in different sections of 
the same pool. 

(a) Each producing segment of a 


reservoir must have at least one well 
outlet. 


(b) A gas-cap area should not be 
evacuated, and such an area needs no 
oil well outlet. 


(c) Ifa reservoir has an active water- 
drive, either edge or bottom, and even 
if there is solution-gas in substantial 
amounts, it might be that all well out- 
lets should be up-dip from the oil water 
contacts, possibly at structural elevation 
points if there is no gas-cap. 
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(d) Inasmuch as energy influences 
of gas-cap drive or gravity drainage are 
downward, wells at lower structural lo- 
cations would be advantageous if and 
when these oil expulsion influences are 
operative. 


13 


In summation the volume of recovery 
from an oil reservoir is normally less 
dependent on well density than on 
other factors. Some of these factors are 
reservoir rock, fluid and its perform- 
ance characteristics, and well comple- 
tion, production and conservation prac- 
tices. Some of the variable characteris- 
tics favorable to high per acre-foot re- 
coveries are high porosity, uniform 
porosity, high relative permeability, low 
gas-oil fluid viscosity, low connate water, 
low percentage of reservoir oil shrink- 
age, effective driving energy, and high 
productive index factors. The variables 
to which operative control should be di- 
rected are high degrees of pressure 
maintenance, gas-oil ratio and gas-cap 
control in gas drive reservoirs and re- 
turn of produced gas and water to reser- 
voirs to conserve drive energy. The op- 
posite characteristics in variables usual- 
ly suggest low per acre foot recoveries. 
Driving energy in moving oil to wells 
requires special elaboration. Active 
water-drive is more efficient than gas in 
moving oil in reservoirs. Very active 
water-drive presupposes high porosity 
and permeability in the aquafer sup- 
plying the water drive. Edge water 
drive rather than bottom water is usual- 
ly desirable. Gas drive is of great im- 
portance, but is not as efficient as water 
in moving oil to wells. A combination 
gas and active water-drive with oil satur- 
ated, or possibly under-saturated, with 
gas at initial reservoir pressure fur- 
nishes highly efficient drive mechanism 
when properly controlled. Careful well 
completion and adequate remedial 
measures when necessary are considera- 
tions that should not need emphasis. 
Such phases of conservation as may be 
subject to control by state regulatory 
authority have an important influence 
on reservoir recoveries. 

Closer Spacing Patterns Are Sug- 
gested. 1. When an irregular or very 
narrow structure is being developed and 
wide spacing results in a high percent- 
age of dry holes without showing trend 
of field or providing adequate drainage 
for reservoir. 

2. When it is desirable to shorten the 
producing life of a reservoir by drilling 
additional wells and sacrificing recov- 
ery of oil per well for time gained. 

3. In fields with strong water drives 
and irregular permeability the inherent 
danger of channeling and coning of 
water at high daily per well allowable 
rates frequently controls optimum per 
well allowables. The drilling of addi- 
tional wells would permit increase of 
producing capacity of a reservoir with- 
out increasing per well production, and 
without appreciably increasing ten- 
dency toward channeling or coning of 
water and danger of trapping oil. The 
closer spacing might not appreciably 





increase ultimate oil recovery from a 
reservoir. 

4. In low permeability pays with dis- 
solved gas drive and sufficient pay 
thickness to warrant drilling of addi- 
tional wells to adequately and efficiently 
drain the reservoir, close spacing may 
increase ultimate recovery in many in- 
stances but in borderline cases would 
not bring sufficient return to warrant 
expense of additional wells. 

5. In fields with gas-cap or gas injec- 
tion projects, where higher concentra- 
tion of wells outside gas-cap areas may 
be desirable for greater efficiency in op- 
erations. 

The Wider Spacing Paiterns Are Sug- 
gested. 1. When reservoirs have con- 
siderable structural relief and high 
porosity and effective permeability, re- 
sulting in high productive indices, which 
in turn permit high individual well 
allowables with low producing bottom 
hole pressures drawdown. 

2. Where reservoir studies indicate 
limited water-drives and low optimum 
reservoir withdrawal rate, wide spacing 
should permit economically satisfactory 
per well allowables and still result in 
reasonable pressure balance for the 
reservoir. 

3. When thin pays indicate low ulti- 
mate reservoir recoveries, and close 
drilling is not economically justifiable. 

4. When deep pays result in high 
drilling and high operating costs per 
well, requiring a greater return per wel! 
to insure reasonable returns on invest- 
ments. 

5. When recovery operations include 
expensive fluid injection programs it is 
necessary to hold drilling and well oper- 
ating expenses at reasonably low levels 
to insure satisfactory returns on over-al] 
investments. The maintenance of reser- 
voir energy through fluid injection 
projects should permit relatively high 
individual well allowables, and give rea- 
sonable assurance of satisfactory ulti- 
mate field recovery. 

6. When reservoir studies show that 
low total reservoir withdrawals are de- 
sirable to maintain reservoir pressure. 
Reasonably high per well allowables 
might be justified, and a high percent- 
age of the total oil might be recovered 
by flowing. 


General 


If the full aims of conservation are 
to be accomplished, individual property 
or lease boundary lines will be disre- 
garded in choosing well locations. 

Individual wells will become channels 
through which oil is expelled from 
whole reservoirs or producing segments 
rather than from separate properties. 
Some form of unitization of fields will 
be necessary, with pooling of all petro- 
leum ownership, all driving energy, and 
all expenses of development and pro- 
duction. 

Attention so far has been confined to 
well density or spacing mostly as it re- 
fers to ultimate total recovery of oil 
from reservoirs. It is clear that consid- 
erations of expediency and of economics 
are vital elements in the well spacing 
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The lower the expense 
of producing source 
water from wells for 
water flooding opera- 
tions, the greater the 
ultimate profit. 

Reda Pumps for 
source water wells pro- 
vide many ways for 
lowering these produc- 
duction costs. 

Improved design and 
longer operating life 
lower the cost of labor 
per barrel, lower the 
cost of maintenance per 
barrel, ower the invest- 
ment cost per barrel, 
lower the cost of fluid 
per barrel. 

Also the ability of 
Reda pumps to produce 
greater volumes in lim- 
ited casing sizes and 
from greater depths 
often reduces the num- 
ber of source water wells 
required. 

Reda engineers have 
long been associated 
with water flooding op- 
erations and are fully 
qualified to assist opera- 
tors in discussing their 
source water require- 
ments. 


PUMP COMPANY 
BARTLESVILLE, OKLA. 





or density problem, to the extent of 
being, together, the final governing in- 
fluences. 

It is probable that in many fields wide 
well spacing would result in slower re- 
covery of all ultimately recoverable oil 
than closer spacing. Even though close 
spacing involves much higher costs some 
close well spacing pattern might re- 
sult, through a saving in time and oper- 
ating costs, in greater ultimate profit 
than wide spacing. All of the elements 
of comparative costs and revenues would 
be involved, and selection of well density 
programs would be a subject of joint 
study by engineers, geologists, and 
economists. 

The importance of joint study and the 
application of sound principles of geol- 
ogy, engineering and economics to well 
spacing problems may be emphasized 
by two observations: 

1. Fields with characteristics suggest- 
ing the need for close spacing for ade- 
quate and efficient drainage are the ones 
ieast likely from an economic viewpoint 
to justify high drilling and production 
costs, 

2. Fields with characteristics indicat- 
ing low well density would adequately 
and efficiently drain the reservoirs, have 
trequently been burdened with costs of 
unnecessary closely spaced wells. 

As a matter of economics or of public 
interest or both, it may be desirable to 
plan to either increase or restrict daily 
production from a single pool or in 
many pools, to conform with market de- 
mand. If, during the development stage 
of a field, market demands do not re- 
quire a high level of production the 
wells may be widely spaced according 
to strictly geological and engineering 
dictates. If markets call for high field 
production it may be that low produc- 
tion from many wells will accomplish 
tue ends of physical conservation more 
efficiently than high production from a 
few wells. 

Finally, dictates of economics, in- 
fluenced at times by those of expediency 
are, and properly should be, the most 
important influences in fixing well spac- 
ing or density in any field. Public con- 
servation authorities are always in a 
position to safeguard public interests by 
refusing to permit strictly economic 
control of development and production 
practices regardless of whether or not 
such control would or would not lead 
to reasonably complete production of 
all practicably recoverable oil. 

The ends of conservation and the de- 
mands of economics would be fully 
served if fields or pools could be origi- 
nally developed on wide spacing patterns 
to determine the field limits and the 
reservoir and fluid characteristics. Fol- 
lowing the studies thus made possible 
infill wells could be located and drilled 
to provide adequate reservoir drainage 
and to meet the requirements of conser- 
vation, economics, or expediency. 

Although: this has been primarily a 
study of the well spacing problem it has 
necessarily included discussion of or- 
derly oil production, involving control 
of production rates where necessary to 


conserve reservoir energy. Production 
control has frequently been considered 
to involve two possible stages of «il re. 
covery, referred to as primary an¢ sec. 
ondary. Because the two.so-called siages 
require the application of the same pri- 
mary types of driving energy, modern 
thought is that there is no real necessity 
for dividing operations into stages and 
delaying the initiation of one phase of 
operation until another is nearly com. 
pleted. 

A field with an active water drive, 
showing relatively stable reservoir pres. 
sures, normally will not require fluid 
injection to maintain reservoir energy 
at efficient producing levels. 

Limited water-drive fields or combi- 
nation water-drive and gas drive fields 
may require reinjection of produced 
brines and excess produced gas early in 
field life if reservoir energy is to remain 
at efficient producing levels. Such rein- 
jection would tend to sustain producing 
rates and prolong flowing life of the 
wells. 

If the producing mechanism is solu- 
tion gas, gas-cap, or gravity and it is 
determined early in the life of a field 
that artificial means of supplementing 
energy are desirable, pressure main- 
tenance, rather than repressuring, is in 
order. Either gas or water injected into 
a reservoir during the early producing 
life as a pressure maintenance project is 
much more effective than injection at a 
later time when reservoir pressure has 
declined. If early pressure maintenance 
is practiced the overall field control 
should be considered as primary, and 
so-called secondary. recovery would lose 
its identity. 

In conclusion, it is the opinion of this 
committee that, disregarding the ele- 
ment of time, there is not necessarily a 
relationship between well density and 
ultimate recovery from a_ reservoir. 
Rather, the ultimate recovery of oil is 
dependent upon the early application 
of good conservation practices. 
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& W MACHINE WORKS FEATURES COMPLETE QQQ@@jemo SERVICE! 


C & W is another link in a strong chain of factory 
trained and completely equipped field shops throughout 
the oil country, which service Wilson Rigs and Winches. 
C & W is staffed by men who have grown up in the busi- 
ness. For example, Bob Craine and Floyd Cailloux, 
owners, are really “OL’ TIMERS.” If you don’t already 
know them, they’ll certainly make it a point to get around 
and see you! In addition to the Great Bend plant, another 
C & W Machine Works is located at Plainville, Kansas. 
Yes, for Wilson service in Western Kansas, you'll find 
C & W Machine Works on the job, ready to give you 
faster and more complete service. Another reason why 
Wilson is always your best buy! 


THE NEW 


’ 


WILSON ATLAS RIG 























C & W prides itself on the fact it has 
‘the best darn machines in the busi- 
ness.'’ They really know how to service 
those Wilson Rigs and Winches! 








Huge lathes, such as the one above, 
and other precision equipment 
handle the heaviest repair or 
overhaul job on Wilson Rigs and 
Winches. 


Congratulations to 445 
Jarecki Internationalfim 
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Design and Development of Improved 


Annular Survey Equipment and Techniques’ 


Tue importance of accurate reservoir 
pressure data throughout the life of a 
field is becoming recognized more and 
more as modern production practices 
tend toward greater conservation and 
increased recovery efficiencies. An out- 
standing example of this is evident in 
the history of the Tensleep reservoir of 
the Elk Basin field in Wyoming. Initial 
bottom hole pressure data proved to be 
of great assistance to the many operators 
of this field in the preparation of back- 
ground data for unitization negotiations. 
Data obtained from subsequent annual 
pressure surveys indicate the trend of 
primary depletion and thereby demon- 
strated the importance of a pressure 
maintenance program. The continuation 
of annual pressure surveys in the reser- 
voir under pressure maintenance indi- 
cates the extent of pressure restoration 
and provides a continual check on the 
gas-oil interface, thus affording basic 
data for determining recovery efficiency 
and calculating reserves. 

One great obstacle has always pre- 
vented many companies from continu- 
ing reservoir study based on reliable 
reservoir pressure data; that being the 
installation of pumps and rod. strings. 
Some operators have considered these 
data in certain reservoirs to be worth 
additional expense, and have continued 
a more or less limited survey by pulling 
rods from wells to allow for passage of 
the bottom hole pressure gage. This 
practice has been followed in the Elk 
Basin Tensleep reservoir with pumping 
wells increasing in number until it was 
necessary to pull rods from 27 of the 
37 wells included in the 1950 pressure 
survey. This survey spent $6300 for well 
pulling expense alone. 

The possibility of obtaining accurate 
bottom hole pressure information by 
other means has been investigated, but 
none have proved satisfactory or prac- 
tical under the conditions confronted in 
Elk Basin. The accuracy of pressure 
data obtained by the acoustic well 
sounder depends on the ability to ac- 
curately estimate the gradient of an- 
nulus fluids, the reliability of tubular 
records, and the exact detection of a dis- 
tinct fluid level. Another method, only 


+Presented at the Spring Meeting of the 
Rocky Mountain District, API Division of Pro- 
duction, Gladstone Hotel, Casper, Wyoming, 
April 25-26, 1952. 

*Stanolind Oil and Gas Company, Tulsa, 
Oklahoma. 
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slightly considered due to its experi- 
mental status, was the permanent in- 
stallation of a bottom hole electrical 
pressure cell. Among the many disad- 
vantages of this type equipment, are the 
difficulty in insulating or isolating a rod 
or tubing string to the surface for an 
electrical conductor and the necessity of 
pulling the well to service or calibrate 
the pressure cell. 

For the above reasons, the interests of 
the engineering personnel at Elk Basin 
were directed toward the development of 
a practical application of annulus bot- 
tom survey methods. During the summer 
of 1950. water locating surveys were run 
in the annulus of several wells in the 


Elk Basin field, thus stimulating interest | 


and affording the opportunity for wire 
line annulus work. From experience 
gained through the water locating sur- 
veys and from the initial five runs of a 
“dummy bomb,” it became apparent 
that the success of annulus work in Elk 
Basin depended on the development of 
a tubing head with sufficient clearance 
to allow the passage of the bomb at all 
points around the tubing. 

It was learned that C. C. Olson of 
Halliburton Oil. Well Cementing Com- 
pany had assisted, while in the U. S. 
Navy, in the development of annulus 
survey methods for pumping wells at 
Naval Petroleum Reserve 1 at Elk Hills 
field in California. Olson and engineer- 
ing personnel of the Standard of Calif- 
ornia designed a tubing head to allow 
annulus entry and routine pressure sur- 
veys were commenced by annulus 
method in 1945'. A meeting was ar- 
ranged with Olson and much valuable 
information was learned concerning the 
survey technique followed in the Elk 
Hills field. The tubing head employed in 
Elk Hills, however, failed to provide the 
necessary clearance for free passage of 
the instrument around the tubing as it 
approached the surface, thus making it 
impractical for use under high well head 
pressures existing in Elk Basin. The low 
well head pressures encountered in 
the Elk Hills field made it possible to 
release the well head and center the 
tubing string to free an instrument 
fouled at the surface by coiling line. 
This operation was simplified by the de- 
velopment of a tool utilizing two hydrau- 
lic jacks mounted on rollers to lift and 
center the tubing string. The design of 
other annulus entry tubing heads listed 


by various equipment manufacturers?*-4 
also failed to provide the required clear- 
ance, thus efforts were directed toward 
the design of a head for high pressure 
conditions. 

In spite of the close clearance pre- 
sented by wells equipped with 7-in. cas- 
ing and 214-in. tubing, it proved possible 
to design a tubing head with sufficient 
clearance to prevent fouling of a 114-in. 
instrument. Through the use of the Elk 
Basin designed tubing head on 28 wells 
and survey techniques adapted to Elk 
Basin conditions, the 1951 Tensleep sur- 
vey was completed for a savings of 
$6500. The elimination of this well pull- 
ing expenditure afforded approximately 
80 per cent payout of the cost to con- 
vert wells for annulus surveys. 


Design of Well Head Equipment 


In August, 1950, initial experiments 
with annulus surveying in the Elk Basin 
field took place following water locating 
surveys conducted by annulus methods. 
The well was equipped with a 6-in., 600 
Series flange type tubing head, 7-in. cas- 
ing, and 214-in. tubing. It was prepared 
for the survey by having the top flange 
and mandrel removed and the tubing 
hung by clamps off center to allow maxi- 
mum clearance for entry of the instru- 
ment. A “dummy bomb” was lowered 
into the annulus on an 0.072-in. single 
strand wire line from a conventional 
wire line unit. A total of five runs were 
made into the well to a depth of 6295 
ft without experiencing too much diff- 
culty. Increased pull on the line while 
recovering the “bomb” on one trip in- 
dicated more than normal line wrapping 
around the tubing. The “bomb” ap- 
proached the surface during this run on 
the opposite side of the tubing head 
from the point of entry. The wire line 
had a three-quarter wrap remaining 
about the tubing on the close side, thus 
it was impossible for the “bomb” to 
pass between the tubing and casing and 
realign with the wire line pulley. It was 
then necessary to slide the clamp and 
tubing over to allow sufficient clearance 
between the tubing and casing for the 
“bomb” to pass on the close side. In 
view of the high casing pressures exist- 
ing in most Elk Basin Tensleep wells, it 
became apparent from the above that 
annulus surveying would prove practica 
in the field only if well head equipment 
could be designed to allow sufficient 
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FIG. 1. Annular survey tubing. FIG. 2. Conventional packer type tubing head. 


clearance for the passage of the instru- the bomb to enter the annulus angling unit limits permissible height of the 
ment around the tubing at all points. toward and alongside the tubing string well head. For this reason, the stuffing 
The design of the tubing head bonnet (Fig. 1). box and annulus valve must be selected 
and allied equipment required a rather Except for a very few cases, the wells on the basis of minimum body size. The 
detailed study due to the close clear- included in the annual survey in Elk majority of stuffing boxes on the market 
ances at hand. For the minimum ID Basin were equipped with 6-in., 600 are suitable and allow use of a tubing 
offered by 65% in.. 20-lb casing (6.049 Series flange type tubing heads. This nipple above the head of less than 16 in. 
in. ), it was possible to offset 21% in. made the conversion comparatively sim- in length. A rather thorough search 
tubing only 5/16 of an inch from the ple and rather inexpensive in that the throughout the manufacturers of oil field 
center and still allow sufficient clearance mandrel and top flange could be re- valves revealed only a few full opening 
for a 114 in. OD bottom hole pressure placed with an offset top flange with an- valves with body size small enough to 
gage to pass between the tubing and nulus entry. This conversion retained allow installation below the stuffing 
casing at all points. This small offset the positive seal required for high pres- box. The fittings used in Elk Basin were 
still allowed sufficient clearance for a sure installations. a l%-in. full opening gate valve, 
14-in. annular opening in the bonnet. This offset annular opening design mounted on a 1%%-in. by 8-in. extra 
This opening through the bonnet could has also been adapted to a tubing hanger heavy seamless steel nipple. 
not he vertical, however, because the for the replacement of the packer and ‘ . 
well head fittings did not afford enough slips in a conventional packer type tub- Field Test of Equipment 
clearance for installation of a lubricator. ing head (Fig. 2). This design is more ——_ Following the successful performance 
The opening had to be inclined to a suffi- readily adapted to the field employing of two tubing heads of the above de- 
cient degree to give necessary clearance the packer type head where casing pres- scription, 28 wells were equipped for 
between the lubricator and the well head sures have diminished to a relatively annulus surveys and the 1951 Tensleep 
fittings. It was then apparent that this safe degree. The clearance for passage survey commenced. A “dummy bomb” 
would cause the tubing to interfere with of the gage at all points around the tub- was used to test most installations prior 
the passage of the gage. It was neces- ing has been retained in this head, thus to the actual measurement, and points of 
sary, therefore, to use a compound angle affording freedom from the necessity of trouble were logged for each well. Sub- 
to give clearance for the lubricator, and lifting the tubing string to free an instru- sequent surveys did not duplicate the 
also to allow the bomb to by-pass the ment fouled at the surface by coiling previous survey conditions in every case, 
tubing. The angle chosen was such that line even on low pressure installations. but the information usually provided a 
the centerline of the annular opening Even though the angular entry into good estimate of individual well char- 
was 2 degrees from the vertical and in a the annulus provides greater clearance acteristics. 
Vertical plane bearing 50 deg to a cen- for well head and lubricator fittings with The wire line unit used for this work 
terline through the tubing and annular increasing height above the tubing head, was a wire line reel powered by a 61% 


opening. This compound angle allows the operating range of the pumping hp gas engine and equipped with a hy 
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draulic governor, a hydraulic speed con- 
trol, and spring balanced measure meter 
and weight indicator. The hydraulic 
speed control provides a fluid coupling 
between the prime mover and the reel 
which is designed to allow slippage be- 
fore too great a strain is applied to the 
wire line. This provision offers a definite 
advantage over the direct drive units as 
it is very common for the gage to be- 
come fouled and stall the reel. The 
weight indicator is also very valuable 
for detecting excessive line wrapping, 
and it also provides a guide for increas- 
ing strain while pulling past collars that 
resist passage of the instrument. The 
wire line employed was 0.072-in. galvan- 
ized measuring line. 


Two types of bottom hole pressure 
gages were used during our first an- 
nulus survey and definite advantage was 
found in the instrument with stylus 
movement in a horizontal rather than 
vertical direction. The gage with stylus 
movement parallel to the vertical axis 
of the instrument was much more sensi- 
tive to shock. Stylus oscillation in the 
pressure direction as a result of con- 
tacting tubing collars made the chart 
almost illegible. Both gages were 114 in. 
in diameter and approximately 72 in. in 
length. 

The first survey progressed satisfac- 
torily, however, it was possible for the 
crew to obtain measurements on only 
four wells per day averaging approxi- 
mately 5500 ft in depth. This relatively 
slow pace was the result of reduced 
speeds in lowering and retrieving the 
instrument as well as the loss of time 
required to free the instrument when 
fouled. The gage became fouled while 
coming out of the hole on-an average of 
once for each two wells surveyed, how- 
ever, it was necessary in some wells to 
free the instrument as many as eight 
times in one trip. Only increased line 
tension was required to resume move- 
ment in most cases. Severe cases, how- 
ever, required holding a strain on the 
line for as long as 15 min while the 
pumping unit was operating before 
sufficient movement of the tubing was 
realized to free the instrument. 

During the development period and 
initial field survey, approximately 65 
runs have been made with two “dummy 
bombs” and one bottom hole pressure 
gage being dropped. All line failures oc- 
curred at the wire line socket and were a 
result of line fatigue. A conventional 
fishing neck and wire line socket were 
used and the breaks apparently occurred 
as a result of the sharp bend in the line 
caused by coiling around the tubing. 
Experiments are now being conducted 
so as to relieve this condition by includ- 
ing sevetal feet of soft line just above 
the instrument. This should reduce line 
fatigue and prevent the wire line from 
taking a permanent “set” above the 
gage. 

The pressure gage dropped during the 
survey was raised to within 4 to 6 ft of 
the surface with the line apparently 
wrapped around the tubing, thus pre- 
venting the instrument from entering the 
lubricator. Following several attempts 
to unwrap the line, the instrument fell 
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FIG. 3. Lubricator view. 


free, thus necessitating a fishing job. 
When the well head was removed and 
the tubing pulled, it was noted that the 
top joint was not straight and appar- 
ently had reduced the clearance between 
the tubing and casing to less than that 
required for passage of the instrument. 
The instrument was fished with a rod 
socket mounted on the lower end of two 
joints of tubing. The fishing tool was 
belled out so as to approach the inside 
diameter of the open hole section and 
was lowered on a 54-in. swab line. Well 
servicing and unit time spent fishing 
cost approximately $500 and repairs to 
the bottom hole pressure gage were 
$235. 


Annulus Survey Technique 


A few suggestions concerning survey 
technique may more clearly picture the 
extent to which annulus surveying dif- 
fers from the more conventional methods 
followed in obtaining bottom hole pres- 
sure gage measurements. The following 
outline may also be of some assistance 
during initial surveys where annulus 
methods are being initiated: 


A. Lowering the bottom hole pressure 
gage: 


1. Depending on amount of shock re- 
sulting from contact between instrument 
and tubing collars, the speed of descent 
should be regulated from 200 to 300 ft 
per minute. 

2. If rate of descent decreases appre- 
ciably, raise instrument several hun- 
dred feet and proceed at reduced speed. 

3. Very little trouble has been exper- 
ienced while lowering the instrument 
into the hole. 


B. Retrieving instrument: 


1. Start off bottom slowly, then in- 
crease rate depending on collar shock, 
up to a maximum of 250 ft per minute. 

2. If instrument becomes fouled down 
the hole: 

(a) Let instrument fall free by letting 
off small amount of slack and try 
again. 

(b) If instrument remains lodged, in- 
crease line tension to approxi- 
mately 250 lb. This will free in- 


FIG. 4. Detail wellhead view. 


strument in the majority of the 
cases. 

If instrument remains lodged, set 
wire line unit hand brake with 
above tension on the line and 
start the pumping unit. Instru- 
ment will usually become free 
immediately upon movement of 
the tubing string, however, it has 
required as long as 15 min to free 
the gage in some cases. 
(CAUTION: The lubricator must 
be steadied to prevent contact 
with pumping unit when instru- 
ment becomes free.) 

3. Application of one or a combination 
of the above has proved successful in 
freeing the instrument in each case ex- 
perienced to date in Elk Basin. 

4. Realigning instrument with the lu- 
bricator: 

(a) Reel in by hand the last 25 ft of 
line to allow sufficient time for 
line to unwrap, if necessary, and 
instrument to enter the lubri- 
cator. 

Should instrument fail to enter 
the lubricator, lower it several 
feet and bounce the line lightly 
by hand. This will assist the in- 
strument in passing to the proper 
side of the well head should a 
permanent set coil exist in the 
line. 

If all attempts fail to realign in- 
strument with lubricator, the well 
head should be released and 
raised to retrieve the gage. 

The tubing string should be 
raised sufficient to permit inspec- 
tion of the top 20 or 30 ft in an 
effort to detect and eliminate the 
cause for difficulty. 


C. Precautions for annulus surveying: 


1. Eliminate the portion of line with 
a permanently set coil due to line wrap- 
ping. 

2..Tie a new knot after a trip where 
excessive resistance has been exper- 
ienced, thus disposing of line that may 
be fatigued. 

3, Be certain that the instrument has 
entered the lubricator, occasionally it 
will contact the tubing bonnet and give 
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CASING HEADS... 


..give you these Vitally Important advantages 


RING-OF-STEEL SEAL 

A good weld plus API ring 
gasket make the Rectorhead 
seal the strongest, safest cas- 
ing head seal available. It 
never requires repacking or 
maintenance. 





FIRE-PROOF, FREEZE-PROOF 
Seal can’t burn out in case of 
fire . . . won’t contract due to 
freezing, even in coldest 
weather. Immune to corrosion 
inhibitors. 





SIMPLE INSTALLATION 


Just set slips, cut off pipe, 
weld ring to pipe and seal is 
completed by API ring gasket 
when blowout preventer, sub- 
sequent head or other equip- 
ment is bolted in place. 


NO RESILIENT PACKING 


Rectorheads have no complex 
packing and slip arrange- 
ment. You are not dependent 
on soft packings to hold the 
important seal between 
strings of pipe. 





NO BULKY WELDING FLANGE 


The welding ring fits into a 
ground seat in the Rector 
head body. Pipe is cut off 
practically flush with weld- 
ing ring. Blowout preventer, 
or subsequent equipment is 


flanged directly on the head 
body. 





PROTECTOR RING 


When drilling operations are 
carried on through the head 
this ring, furnished with every 
casing head, protects the slip 
and welding ring seating sur- 
faces in the body from being 
damaged by drilling tools. 
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e Notice how slips, welding 
ting and API ring gasket are 
easily installed in the REC- 


-TORHEAD Casing Head. All 


blowout preventers, valves, 
flanges, spools and tubing 
heads of API specifications 
will bolt directly to ail REC 
TORHEADS. 








INCREASE PRODUCTION 
Clean Out Better With 


Pump O. D. sizes are: 
2%, 3,3%2,4%,5, 5% 
and 7 inches. 20, 25 and 
30 ft. length. Strong bail 
welded to heavy seam- 
less steel tube. Heavy 
grooved plunger assures 
liquid seal. Wire line di- 
rect connected to plunger 
for great suction. 


MILLER BAILERS 
Bailer O. D. sizes are: 
3, 31, 4%, 5 and 5% 
inches. 20, 25 and 30 ft. 
length. 


Miller Sand Pump Co. 


General Office Box 4516 
1524 SE 29th St. 


OKLAHOMA CITY 9, OKLA. 
EXPORT OFFICE 
30 Rockefeller Plaza 
NEW YORK CITY 20, N. Y. 


See Composite Catalogue 
Page 3365 
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the impression of reaching the top of 
the lubricator. Variation in line stretch 
due to increased tension applied in free- 
ing the instruments eliminates the mea- 
sure meter as a reliable reference. 

Certain precautions should be fol- 
lowed in selecting and installing well 
head equipment for annulus surveys. 
First, the well head and lubricator fit- 
tings should be selected to provide 
clearance for maximum operating con- 
ditions of the pumping unit. The an- 
nular opening should be placed in a 
position to allow maximum clearance be- 
tween “horses head,” polish rod clamp 
and rod hanger when pulling unit is in 
motion. Tubing couplings should be 
eliminated in the top 20 or 30 ft of the 
tubing string and care should be given 
to the selection of a straight joint for 
the top of the tubing string so as to pre- 
serve the required clearance for line to 
unwrap and the instrument to realign 
with the lubricator. 


Economics of Converting to 
Annulus Survey Methods 


The economics of obtaining bottom 
hole pressure data in the Tensleep reser- 
voir of Elk Basin by annulus methods 
indicate a very favorable picture for the 
future. During the 1950 pressure survey 
an average cost of $235 per well was re- 
quired for well servicing and associated 
field work. The average cost of convert- 
ing wells for annulus survey methods 
was $262 per well. The cost of obtaining 
the pressure measurements was in- 
creased somewhat for the annulus sur- 
vey due to slower survey rate and the 
experimental nature of the first survey. 
One pressure gage was dropped, thus 
cost of retrieving and repairing the in- 
strument was charged against the sur- 
vey. With full consideration given to 
these details, the 1951 annulus survey 
and well conversion cost totaled $8814 
for the 28 wells as compared to an esti- 
mated cost of $7000 had it been neces- 
sary to pull rods. These figures indicate 
approximately 80 per cent payout for 
the project during the first survey. 

The economics of converting wells in 
the majority of pumping fields should 
prove even more favorable than that ex- 
perienced in Elk Basin. Due to the rela- 
tive high pressure status of the Tensleep 
reservoir as well as the high hydrogen 
sulfide concentration, it was necessary 
to “kill” 14 of the 28 wells converted to 
assure safe working conditions. This ad- 
ditional cost of approximately $100 per 
well would not be necessary in most 
cases. This was partially offset, however, 
by salvage of tubing head parts replaced 
on 22 of the 28 well installations. In 
many cases where wells are equipped 
with flange type heads, it will prove 
possible to use the bonnet and mandrel 
on new wells scheduled for that type 
head. It is estimated that the average 
cost for converting well head equipment 
for annulus work will very closely ap- 
proach that required for pulling and re- 
running rods for one survey. 


Conclusions 
1. Tubing head design presented here- 


with provide for an economical conver- 


sion of well head equipment for annulus 
survey methods at varied well head pres. 
sures. 

2. Annulus survey techniques provide 
a practical, low cost method of obtain. 
ing accurate reservoir data by bottom 
hole survey regardless of the accesgj- 
bility of the tubing string. 

3. An industry wide adoption of an. 
nulus survey methods should provide 
for increased recovery efficiencies as a 
result of continuous reservoir study 
based on more complete reservoir data 
throughout the life of a field. 
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Paleofacies—the 


Geologist’s New Tool 


A better understanding of the biozone 


and its environment may lead to clearer 


interpretation of oil-finding problems 


T. H. PHILPOTT* 


P 322. 


Tus year marks the 25th birthday of 
the Society of Economic Paleontologists 
and Mineralogists. Within this quarter 
century, we have grown to a group of 
900 members. In spite of its small size, 
compared with the American Associa- 
tion of Petroleum Geologists, and 
Society of Exploration Geophysicists the 
Society is making important contribu- 
tions to the business of oil finding. 

It has become increasingly apparent 
that the nation’s important petroleum 
reservoirs of the future will be controlled 
by porous limestones and sand lenses 
associated with structural terraces and 
noses rather than faults and anticlines. 
It therefore follows that added variables 
that cannot be detected from the sur- 
face will make the job of the explora- 
tion geologist in the future even more 
complex and costly. Obviously, a direct 
method of finding oil would solve our 
problems. Much work is being done and 
money is being expended currently in 
search of such a method; however, let 
us be realistic. It is recommended that 
the gaps in the oil exploration pro- 
cedures be integrated, using present 
techniques, with the assignment of equal 
responsibility to the geologists, geophysi- 
cists, paleontologists, and mineralogists. 

For a case in point, it is recognized 
that the geologist might gain a better 
viewpoint of the work carried on by the 
paleontologist. Four words (Fig. 1) have 
been coined for the purpose of subdi- 
viding the field of paleontology as used 
by the economic geologist. Let us out- 
line briefly the types of organisms that 
are being used in paleontology. The 
field of Orthopaleontology (a coined 
word) signifies the finding, naming, de- 
scribing, and the biological classifica- 
tion. On the other hand, we have the 
field of Cyrtopaleontology (also a coined 

+Presidential address, 26th annua! meeting 
of the Society of Economic Paleontologists and 
Mineralogists, Los Angeles, March 25, 1952. By 
permission of the Journal of Paleontology 


*Stratigrapher-paleontologist, Carter Oil Com- 
pany. 
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word) meaning utilization of fossils. The 
cyrtopaleontologist is not interested in 
taxonomy; generally a letter or number 
will suffice for identification. Most of our 
oil company paleontologists are in the 
latter group. The term Pliomacropaleon- 
tology is introduced to include most of 
the larger forms that have been studied 
in great detail by the orthopaleontolo- 
gist. Most of these groups can be found 
as smaller forms and herein would be 
classified as Miomacropaleontology 
(Fig. 2). Many geologists and paleon- 
tologists recognize the latter groups as 
small, immature, dwarfed forms; how- 
ever, it is thought that many are fully 
developed, adult forms. Consequently, a 
whole new subsurface field awaits in- 
vestigation. 

A similar division may be made in 
micropaleontology with most of the 
forms used today classified in the field of 
Pliomicropaleontology (Fig. 3). The im- 
portance of microforaminifers, diatoms, 


FIG. 6. 


and pollen will be determined by future 
study and research. 

Generally speaking, a large part of 
the micropaleontological work being 
done today is based on key fossils, that 
is, those widely distributed geographic- 
ally and with a supposedly short strati- 
graphic range. This standard procedure 
omits a large and important element, to- 
gether with the milieu (surrounding en- 
vironments), from consideration in the 
over-all picture. On rare occasions, a 
small percentage of the microfaunal 
population is considered on the basis of 
abundance, the host rock, types, evolu- 
tionary development, or sequence. Single 
factors seldom are decisive, but a group 
of factors may lead to important solu- 
tions and conclusions. 

Last year in St. Louis, the SEPM pre- 
sented “A Symposium on Paleoecology 
of Shale and Evaporite Deposition.” One 
of the participants, Samuel P. Ellison, 
Jr., pointed out that workers in the field 


of micropaleontology have not consist. 
ently tied lithology and fossil occur. 
rences together. Twenty-three per cent 
of the papers in the eleven volumes of 
the Journal of Paleontology 1940-1 1950, 
failed to mention lithology (Fig. 5) * ie 
excellent example on how Se data 
should be handled is shown by D. M. 
Loranger in “Useful Blairmore Micro. 
fossil Zone in Central and Southern Al. 
berta, Canada” which appeared in the 
November, 1951, Bulletin of the AAPG, 

Some research is being done today on 
the ecology of the living Foraminifera, 
Important contributions have been made 
by F. B. Phleger, S. W. Lowman, M. L, 
Natland, and others. Lowman, Natland, 
M. C. Israelsky, and L. J. Wilbert have 
reported on investigations in paleo- 
ecology. Fig. 6 shows paleofacies or en- 
vironment of the fossil remains that may 
be inferred from similar animals and 
plants living today. 

Let us review briefly the present pro- 
cedures in subsurface geology. The sam- 
ples are brought in from the field to the 
laboratory and after due processing are 
turned to the paleontologist - strati- 
grapher. Normally the key or index fos- 
sils are reported to the subsurface geo- 
logist (Fig. 7). This procedure is satis- 
factory where only structural prospects 
are being worked. If the information fits 
the general conditions, it is assimilated 
and used as evidence to support pre- 
existing correlations. 

The term paleofacies is derived from 
biofacies and is used in this paper as 
ancient biostratigraphic facies. In the 
case of changes in stratigraphic facies, 
or paleofacies, the pertinent data are 
seldom reported or understood. In many 
cases the present handling of data could 
be vastly improved by having the cyrto- 
paleontologist combine his information 
with pertinent geological information. 
The subsurface and the administrative 
geologists should have a better under- 
standing of the problems and informa- 
tion that the paleontologists can provide. 
Single geologic or paleontological fac- 
tors are seldom decisive, but a better 
understanding of the biozone and its en- 
vironment may lead to a clearer under- 
standing in oil-finding problems. 

*There is no Fig. 4. 
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The number of examples that canbe 
used is limited, as one must refer to 
outcrop or cored sections. In the former 
case, the petroleum geologist is mainly 
concerned with key fossils that wili help 
in structural interpretations. Insufficient 
cored sections are available at the pres. 
ent for use in conclusive paleofacies 
studies of the subsurface. Most of the 
examples are located in the Gulf Coast 
Embayment (Fig. 8). The master colum. 
nar section (Fig. 9), shows the strati- 
graphic position of the illustrations. 

Some progress on the classification of 
marine environments has been made by 
the National Research Council’s Com- 
mittee on a “Treatise on Marine Ecology 
and Paleoecology” under the chairman- 
ship of H. S. Ladd. This commiitee’s 
“Classification of Marine Environments” 
is based primarily on depth of light and 
proximity to shore. Obviously a thorough 
understanding of the neritic, bathyal, 
abyssal,- pelagic, oceanic pelagic, bathy- 
pelagic, and abyssopelagic will yield 
pertinent data regarding paleofacies and 
oil accumulations. 


The same classification of marine en- 
vironment is shown with Phleger’s data 
on benthonic foraminiferal depth facies 
in the Gulf of Mexico. This is an ex- 
ample of the fine work that has been 
done on Foraminifera and should be 
carried on in other groups of living 
marine organisms. The paper also gives 
important facts regarding sedimentation. 
The rate of sedimentation down to 84 
meters is 64 times that below that depth. 
Furthermore, the most marked facies 
boundary occurs from 80 to 120 meters, 
thus coinciding with the aforementioned 
change in rate of sedimentation. 


Phleger suggests that temperature is 
a key factor affecting facies distribu- 
tion and states that, “Above this depth 
(80-120 m) oceanographic conditions 
are strikingly different from those at 
greater depths.” “Average production of 
living benthonic Foraminifera is ap- 
proximately 10 times as great above 100 
m as at greater depths. Production rates 
and population census give a possible 
method for determining relative rates of 
sedimentation.” 

An understanding of paleofacies re- 
quires that time lines must be estab- 
lished. Israelsky has suggested that this 
may be accomplished by connecting 
points of deepest deposition. Paleofacies 
limits will cross time lines. Time lines 
may be constructed and correlations also 
may be made by following Israelsky’s 
“Quantitative Micropopulation Analy- 
sis.” 

Attention is directed to the excellent 
work on faunas and facies in the upper 
Eocene (Jacksonian Group) of Arkan- 
sas by L. J. Wilbert, co-editor of the 
Journal of Paleontology. A cross section 
(Fig. 10) shows the relation of various 
facies. A comparison of the faunal 
groups and their relations to the aren- 
aceous and marl facies is shown 
(Fig. 11). 

Wilbert states, “Differences in the 
conditions of deposition of the marl and 
arenaceous facies are strongly expressed 
in the faunas as in other sedimentary 
characteristics and both animal and sedi- 
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ments reflect the same ecological situa- 
tion for each facies. Evidence indicates 
that the marl was deposited in marine 
waters of nearly normal salinity; where- 
as the arenaceous beds accumulated in 
water which was somewhat brackish, or 
which was, at least, measurably less 
saline than normal sea water. 

“One clue to the ecological relation- 
ships between the facies is furnished by 
the absence of bryozoans, corals, and 
echinoids from the arenaceous facies. 
Most bryozoan, coral, and echinoid 
species are sensitive to variation in the 
salinity of the surrounding medium 
(stenohaline animals of ecologists), and 
exist only in waters having approxi- 
mately normal salt concentrations (30 
to 35 parts per thousand). The presence 
of these animals is, therefore, a good in- 
dication of normal marine salinity. As 
they are found in the marl facies, de- 
position of the marl beds under normal 
marine conditions is indicated; \con- 
versely, their absence from the arena- 
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ceous sediments may mean that these 
deposits accumulated in water of re- 
duced salinity.” 

Let us next consider the Cook Moun- 
tain formation of the Claiborne group in 
Winn Parish of central Louisiana (Figs. 
12 and 13). This formation clearly shows 
the marine advance with the Dodson 
member, marine biostromal development 
with the Milam followed by the deep 
(100 Fathoms) cold water, benthonic 
fauna of the Ceratobulimina eximia 
zone. The formation then becomes a re- 
gressive unit, characterized by the arena- 
ceous fauna of the Little Natchez mem- 
ber. The top of the formation is not a 
reliable marker, but it would thus ap- 
pear a reliable “time line” could be 
established in either Milam or the Saline 
Bayou members. Consequently, these 
members are reliable structural markers 
along depositional strata. 

The sediments of the Gulf Coast Ter- 
tiary are largely cyclical. The Cook 
Mountain formation represents the sec- 
ond marine invasion of the Claiborne 
group (Figs. 14 and 15). The Claiborne 
fauna of Cane River age migrated south- 
eastward from the Louisiana area dur- 
ing Sparta sand deposition. Although 
numerous new species evolved prior 
to Cook Mountain deposition, many 
species are common to both formations. 
It is difficult to subdivide the Lisbon 
formation with certainty, since the en- 
vironment was virtually unchanged dur- 
ing middle and lower Claiborne time. 

An interesting side light is the occur- 
rence of Cyclammina caneriverensis in 
the upper Cane River. Normally the 
form would be observed as an undis- 
torted arenaceous Foraminifera occur- 
ring as shown on the left of (Fig. 16). 
We find, however, that most of the forms 
are distorted and twisted from their 
original shape. This distortion may be 
due to the factor of compaction during 
diagenesis. The paleontologist is there- 
fore able to make a contribution to the 
understanding of early Claiborne geo- 
logic history. 

The choosing of the Midway-Wilcox 
boundary of Louisiana, Mississippi, and 
Alabama is a controversial subject to 
geologists and paleontologists (Figs. 17 
and 18). The surface section of Sabine 
Parish, Louisiana and Wilcox County, 
Alabama is correlated on the basis of 
Ostrea thirsae. G. E. Murray and E. P. 
Thomas have pointed out that the top 
of the Midway at the surface in Sabine 
Parish is based also on 3 diagnostic spe- 
cies of Pelecypoda, 7 species of Gastro- 
poda, and 5 species of Foraminifera. 
Below the top of the Midway as shown in 
Sabine Parish; however, we find 700 ft 
of sand, shale, and lignite. Even more 
section occurs in the subsurface between 
the Ostrea thirsae zone and the top of 
the Porters Creek of east-central Loui- 
siana and west-central Mississippi. This 
problem poses several serious questions. 
Are the group names Midway and Wil- 
cox usable? Are the paleontological data 
of the subsurface and surface of 
value? If the geologist decides to use 
the .meager paleontological data, the 
correlation is based on environment. The 
obvious lithologic break occurs at the 
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base of the sandstone, shale, and lignite 
and the top of the Porters Creek shale. 
For our next example, let us consider 
the late Gulf Cretaceous of Navarro and 
Taylor ages of the central Gulf Coastal 
Plain (Figs. 19 and 20). We find that 
the late Navarro on the outcrop, the 


Arkadelphia formation, is characterized 
by a typical shale fauna and that the 
downdip equivalent in Louisiana (Prai- 
rie Bluff of Mississippi) is characterized 
by a chalk fauna. The west-east strati- 
graphic cross section demonstrates the 
crossing of facies lines by outcrop pat- 
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tern. The same change also occurs to 
the south in the subsurface. The Naca- 
toch sandstone, an important producing 
horizon, thins south and southeast away 
from the present outcrop. 

Two well developed chalk sequences 
are found in the Taylor, the Saratoga, 
and the Annona (restricted). The known 
Annona foraminiferal fauna consists of 
114 species and the Saratoga 72 species, 
of which 39 are common to both forma- 
tions. The Marlbrook marl intervenes be- 
tween the two formations in Arkansas 
and was an inferred unfavorable en- 
vironment for most of these 39 species. 
As a result, the greater part of the An- 


- nona fauna migrated away from the 


Arkansas-Louisiana, to the Mississippi- 
Alabama area where chalk was con- 
tinuously deposited. The Saratoga fauna 
returned to Arkansas with the repetition 
of chalk deposition. 

An interesting development in the 
same area is the “Monroe gas rock”, a 
platform limestone deposit covering the 
Monroe and Jackson uplifts. In north- 
east Louisiana it rests unconformably 
on early Gulf Cretaceous, Comanche 
Cretaceous, and Jurassic (Fig. 21). In- 
cidentally, it forms a seal for 200,000 
million barrels of oil in the Delhi oil 
pool where it overlies both the basal 
Tuscaloosa sandstone and the Paluxy. 

Essentially the Gas Rock consists of 
biostromal limestones that become bio- 
hermal over the positive areas and clas- 
tic (arenaceous) in the thick sand areas. 
The faunal content of the gas rock con- 
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sists largely of Orbitoididae. According 
to Cushman, “The orbitoides lived in 
shallow water at depths from tide level 
to perhaps one hundred meters in a 
belt around the earth, which included 
the tropical belt and the equatorial 
margins of the temperate belts.” 

Another example of paleofacies is 
shown in Fig. 22. Exogyra ponderosa 
Roemer, a large member of the Ostracea 
superfamily, is a sessile benthonic form 
sensitive to its environment. It is a 
rapidly evolving species with many 
variants, each of which reflect some par- 
ticular environmental change and is the 
progenitor of Exogyra cancellata Steph- 
enson and Exogyra costata Say. 

The pure chalk facies found at the top 
of the Demopolis formation in the Mis- 
sissippi-Alabama area is noticeably bar- 
ren of all macrofossils and Exogyra 
ponderosa Roemer is absent. It is diffi- 
cult, lithologically, to differentiate this 
chalk facies from the more shaly chalks 
above and below. 

In this area, the top of the Demopolis 
formation as mapped by the Mississippi 
Geological Society includes most of the 
Exogyra cancellata zone. On the basis of 
macropaleontology, the base of the 
Exogyra cancellata zone is the base of 
the Navarro, but on the basis of micro- 
paleontology, the top of the Exogyra 
cancellata zone is the top of the Taylor. 
A fuller understanding of paleofacies 
within the Navarro-Taylor should lead to 
solution of this and many other prob- 
ems. 
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Figs. 23 and 24 show two marine an- 
nelids that follow separate paleofacies. 
Hamulus major Gabb is thought to be 
the progenitor of Hamulus falcatus 
(Conrad). The downdip facies in Mis- 
sissippi-Alabama was the probable area 
of development and the locus of radial 


distribution from which each species fol- 
lowed its individual paleofacies. Hamu- 
lus major migrated into younger sedi- 
ments, Taylor, to the west in Arkansas 
and to the east in North Carolina and 
Georgia. 

In the northeast Texas area in the 
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For Years of No-Sto 


Power Transmissio! 


Shot peening hammers long life, extra performance into Link-Belt 
Precision Steel Roller Chain. This is one reason why Link-Belt Chain 
rolls on and on at high speeds, heavy loads, frequent overloads, long 

after just average chain gives up the ghost. 
ie tk Other long life factors are Link-Belt case hardened pins and bush- 
ings and manufacture to precision standards that guarantee absolute 

rat Peened Rollers uniformity throughout. 

Thousands of steel balls hammer the case There is a Link-Belt Roller Chain to solve your most difficult chain 
hardened rollers, give them extra fatigue problem. Call the nearest Link-Belt engineer to give you all the facts. 


life and added ability to withstand shock . , ea te 
and ovata ne er Specify Link-Belt where no-stop power transmission is demanded. 


ented LINK-BELT 
Assembly 


This feature permits easy coupling and 


uncoupling of multiple width chains right PRECISION STEEL ROLLER CHAIN 


on the job. 


LINK-BELT COMPANY: Indianapolis 6, Dallas 1, Houston 1, Los Angeles 33, New 
York 7. Distributors in all fields. 12,782 
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to last for years! 


PLASTEX 
PIPE 


CORROSION PROOF Plastex Pipe won't rust, 
or rot and is unaffected by acids, alkalies, salts 
or other corrosive matter. Guaranteed safe for 
transmission of drinking water. 


INCREASED FLOW up to 40% more than metal | 
pipe due to rifle smooth plastic surface. Scale, 
paraffin or other sediment will not adhere to 
walls assuring maximum pipe efficiency. 


EASY-TO-INSTALL with less labor, equipment 
and tools. Light weight cuts freight, handling | 
and assembly costs. Continuous coils eliminate | 
joints —can be put in operation in minutes. | 


SERVICE LIFE is far greater than ordinary pipe. 
Eliminates shut-downs, lowers maintenance costs. 





Ask your supplier or write direct for specifications. 


402 Mt. Vernon Ave. Columbus 3, Ohio 








| 
The PLASTEX Pipe and Extrusion Company 


Light weight 
Flexible 
Guaranteed against 


Electrolytic 
Corrosion 


Sizes from 1/9" through 6“ 
and up to 400’ long. 
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TLE ICO CR CEE IR 
VERNON “PIPE CUTTING” PANTOGRAPH 


This portable, semi-automatic guided torch machine pro- 
duces all types of beveled cuts, either straight, curved or 
angular for pipe fabrication work. Handles pipe up to 
24” in diameter. No layout or templates required and all 
cuts are extremely accurate, smoothly finished and bev- 
eled. Cuts stainless steel pipe by using powder type 
torches. Proved in the field and backed by 20 years of | 
experience and engineering development. 
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1u97 meridian Ave. 6226 washington 
Alhambra, California Houston 7, Texas 




















The best way to obtain the greatest 
amount of hole at the smallest 

cost per foot—is to have a 
Geolograph on the rig! It cuts 
down on “green” bits . . . reduces 
shut down time . . . and in general 
gives the crew a new interest in 
such things as the elapsed time for 
making connections, etc. In every 
way—you save when you log 


a 

as you drill—with Geolograph! 
_— $e 
ej] fe} Rete] 7.) +7, | 


MECHANICAL WELL LOGGING SERVICE 
P.O. Box 1291+ Oklahoma City 1, Okla. 





Farmington, New Mex.—Liberal, Kan.—Oklahoma City, Oklahoma 
Abilene, Houston, Odessa, Lubbock and Wichita Falls, Texas 
Bakersfield, Cal.—Shreveport and Baton Rouge, La. 


Casper, Wyo.—Glendive, Mont.—Sterling, Colo. 
Calgary and Edmonton, Alberta, Canada 
Regina, Saskatchewan, Canada 
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A double packed Stuffing 
Box for use under most 
adverse pumping and 
flowing conditions (be- 
low). Be sure to order 
Type A-123-SBDP. 





SOLD AT ALL SUPPLY STORES 


Export Representative: 

OIL FIELD EQUIPMENT CO., INC. 
T. E. WARD, President 

30 Church St., New York 7, N. Y. 








All Hercules Duplex Polished 
Rod Stuffing Boxes are Cone 
Packed for longest possible life 
and greatest economy. Illustra- 
ted (left) is Regular Type. 
Write for Bulletin 120-SB. 












The Tee-Base Type Combina- 
tion Stuffing Box and Tee (di- 
rectly below) have been proven 
by years of service and savings 
to producers. Write for Bulle- 
tin 121-SBT. 














For greater savings, replace 
old style Upper Glands with 
the New Hercules Lubricating 
Upper Gland, as shown on Stuf- 
fing Boxes illustrated. 







































































“VIC” 
VICTAULIC 


Sizes—3%4"" through 60” 


VIGTAULIL 


COMPANY OF AMERICA 


P.0.Box 509 «+ Elizabeth, N. J. 


{ ‘vali Ave 


n.N 
Elizabeth 4-214] 


Copyright 1952, by Victaulic Co. of America 
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rne VIGTAULIG METRO 





OF PIPING 





EASIEST WAY TO MAKE ENDS MEET 


Time- and money-saving “Vic-Groover” Tools 
are only part of the complete Victaulic Method. 
Portable and easy-to-use “Vic-Groovers” are 
available in 9 sizes up thru 6”, prepare pipe ends 
on the spot for quick easy hook-ups with 
Victaulic Couplings and Fittings, and they’re 
automatic as to groove positioning and depth! © 


The Victaulic Method means a complete 
modern piping system: easy-to-install 
Victaulic Couplings that guarantee leak-proof, 
positive-locked connections with a union at 
every joint ...acomplete line of versatile 
Full-Flow Elbows, Tees, Reducers, and other 
streamlined Fittings unique in their wide 
adaptability ... plus handy “Vic-Groover” Tools. 


It’s easy to see why the name “Victaulic” 
stands for world leadership in a fast, dependable 
piping method. Make that next job ALL 
VICTAULIC and prove to yourself that whether 
it’s new construction... repairs... or 
alterations... the Victaulic Method solves 
every piping problem. 


You'll find you save time, work, and dollars 
with Victaulic — “the easiest way to make 
ends meet.” FOR YOUR OWN PROTECTION ... 
make sure you get VICTAULIC! 


Write today for Victaulic Catalog and 
Engineering Manual No. 44-8G. 


28th VICTAULIC YEAR 


California: Victaulic Inc., 727 W. 7th St., Los Angeles 14 


Canada : Victaulic Co. of Canada Ltd., 406 Hopewell Ave., Toronto 10 


Export: Pipe Couplings, Inc., 30 Rockefeller Plaza, N.Y. 20, N.Y. 





South Tyler pool a unique feature js 
noted in the James limestone member of 
the Rodessa formation (Fig. 25). Frank 
C. Crawford reports the upper part of 
the member is a porous coquinoid lime. 
stone. The shape and size of the mass 
suggest a bioherm. To the paleontolo. 
gists this is obviously a wave-transported 
deposit of shell debris, but to many geo. 
logists this is a reef or bioherm because 
it consists largely of shells and is lense 
like. 

In conclusion, the fine work of 
Phleger, Natland, Lowman, and others 
on ecology of living organisms should 
be extended into other groups of ani- 
mals. Paleofacies may be our best in- 
dicator of the environment of source and 
reservoir rocks, and it may give us a 
new workable concept in oil exploration, 
Paleontology plays an essential role in 
oil exploration. Let us make the paleon- 
tologist a full-fledged member on the oil 
exploration team. A paleontologist is 
first a good geologist and second a 
specialist in cyrtopaleontology. 
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FIG. 1. 
I has been known for a number of 
years that, in order to obtain best rock 
bit performance, cuttings must be 
rapidlylifted from bottom and the cut- 
ters kept free of any adhering material. 
Rock bits of conventional design have 
nozzles positioned to direct the drilling 
fluid onto the cutters, thus using the 
main force of the jet streams to keep 
the cutters clean while a portion of the 
energy reaches bottom with capacity 
sufficient to sweep loose cuttings into the 
upward moving annulus stream. The so- 
called “jet bit” has nozzles pos‘tioned 
to direct the drilling fluid directly onto 
bottom. With this arrangement, the tur- 
bulence created around the bit must be 
relied upon to keep the cutters properly 
cleaned. Fig. 1 is a photograph of such 
a jet bit, showing the jet streams di- 
rected onto the bottom of the hole and 
entirely missing the cutters. 

Attempts to improve rock bit per- 
formance by directing the drilling fluid 
to the bottom of the hole were made as 
early as 1921. Sporadic attempts were 


7Presented at Technical Session of 22nd an- 
nual meeting of North Texas Oil and Gas Asso- 
ciation, Wichita Falls, Texas, March 29, 1952. 

\Chief engineer, Hughes Tool Company. 

*Staff engineer, Hughes Tool Company. 
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Pump data 





Operated at 60 strokes 
per min. 90 per cent volu- 
metric efficiency assumed 





Liner Size G.P.M. 
Hole size—834”........ 7” 557 
Drill pipe— 

4%", 6" x 3” FH..... 7% 519 
Drill collars— 

270 ft, 6%” x 2%”... 7 483 
Stand pipe— 

4” .D. x 45 ft....... 6% 447 
Hose—3” 1.D. x 55 ft... 6’ 413 
Kelly—3%4” 1D. x 40 ft. 6% 380 
Swivel—24” LD. x 5ft.. 6 349 
Pump— y 

14” duplex, power... 5% 319 
Mud weight— 

9% |b per gal...... 5% 290 
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Use and Advantages 


made in the following years until 1947, 
but none of the tests proved satisfac- 
tory. Viewed in the light of present 
knowledge, it appears that failure was 
principally due to inadequate velocity of 
the jet streams. 

In 1947 a major oil company deter- 
mined that drag bit performance could 
be improved by increasing the velocity 
of the drilling fluid jetting through noz- 
zles directed at bottom and _ slightly 
ahead of the blades. It was also deter- 
mined that the most efficient use of avail- 
able hydraulic power resulted in the 
selection of relatively small diameter 
nozzles establishing jet velocities con- 
siderably greater than those commonly 
used. Early in 1948 this same company 
initiated field testing of rock bits equip- 
ped with bottom jetting nozzles. These 
initial tests were made employing jet 
velocities three to four times those or- 
dinarily used in conventional bit opera- 
tion. The results were sufficiently en- 
couraging to. warrant further work that 
has led to considerable testing in widely 
scattered areas. 

A large percentage of those operators 
having suitable hydraulic equipment in 
the East Texas, Northern Louisiana, and 


of 
Jet-Nozzled Rock Bits’ 


L. L. PAYNE’ and R. H. NOLLEY’ 





Gulf Coast areas have adopted the prac- 
tice of jet rock bit operation. The in- 
crease in rock bit performance, as later 
discussed, in regard to penetration rate 
and footage per bit has varied widely. 

Experience with jet rock bits in the 
past four years has not supplied the 
answers to all questions regarding 
methods of operation under all condi- 
tions. Experience gained in areas where 
results have been favorable, ,jhowever, 
may be used as a guide for those in other 
areas who wish to try jet bits as a means 
of increasing bit performance. As al- 
ways, comparisons based on cost must 
be used for final evaluation. The prem- 
ium price of jet bits and a possible in- 
crease in the cost of operating hydraulic 
equipment must be charged against any 
savings resulting from improved bit per- 
formance. 

In the case of conventional bit opera- 
tion, nozzle sizes and circulation rates 
that result in a jet velocity of approxi- 
mately 100 ft per second are generally 
used. Any appreciable increase of jet 
velocity above this value would, in many 
cases, cause severe erosion on the shell 
and teeth of rock bit cutters. 

In the case of jet bits, it has been 


FIG. 3. 
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bit performance notwithstanding the 
use of jets. 

In those areas where jet bit drilling jg 
at present fairly widespread, circulation 
rates considered adequate for conven. 
tional drilling are also commonly used 
for jet operation. Circulation rates that 
produce a theoretical velocity up the 
annulus of approximately 180 ft per 
minute are considered adequate for most 
conditions. 

When jet bits are operated as ; indi 
cated by the values for jet velocity and 
circulation rate, as stated above, it may 
be seen that for any given depth of 
hole, as far as the hydraulic equipment 
of the rig is concerned, the only new 
factors introduced are an increase in 
pump discharge pressure and a cor- 
responding increase in horsepower input 
to the pump. Experience has shown that 
it is advisable, especially in the case of 
power pumps, to anticipate the depth of 
hole at which pumps or engines may he 
loaded to rated capacities in order to 
avoid hazards of insufficient circulation 
or overloading pumps and engines. 

By the use of available hydraulic 
formulas,’ it is possible to determine 
with satisfactory accuracy the depth to 
which the hydraulic equipment of a par- 
ticular rig may safely be used in the 
operation of jet bits. To illustrate how 
this may be done, we may consider, for 
example, the drilling of an 834-in. hole 
with certain equipment and conditions 
as listed in Fig. 2. It will be noted that 
the rated discharge pressure of the 
pump for the various liner sizes is not 
shown in this figure. The use of two 
different 14-in. pumps (Fig. 10) having 
rather wide differences in maximum 
recommended discharge pressures will 
be considered. This is being done to 
emphasize that pump manufacturers’ 
recommendations on discharge pressures 
should be considered, in addition to 
stroke length and liner size. 
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PRESSURE LOSS THROUGH SURFACE CONNEC 











FIG. 5. 


found that jet velocity, compared to 
that used on conventional bits, must be 
increased so that cuttings will be 
quickly lifted from bottom and sufficient 
turbulence created around the bit cut- 
ters to keep them properly cleaned. In 
those areas where a consistent appreci- 
able increase in bit performance has 
been realized by using hole bottom jets, 
it has been found necessary to establish 
a minimum jet velocity of approximately 
200 ft per second for the hole sizes in 
the 7% to 9%-in. range. The satisfactory 
minimum for all formations and bit sizes 
is not known. At present, it appears that 
the satisfactory minimum jet velocity 
has a definite relationship to rate of 
penetration. Weight applied to the bit, 
speed of rotation, strength of formation, 
and bit type are still important factors 
affecting penetration rate and over-all 


B-106 


300 400 5OO 600 700. 
CIRCULATION RATE -GALLONS PER MINUTE 


; 


a 


TH 


PRESSURE L 








800 


900 


1*‘Mud Flow in Drilling,” by R. J. S. Pigott, 
API Drilling and Production Practices, 1941, 
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FIG. 7. 


The first consideration in this type 
of problem is to determine the circula- 
tion rate which will produce the desired 
velocity of the mud up the annulus, and 
thus allow the selection of liners for the 
pump. Referring to Fig. 3, it will be 
noted that in order to establish an an- 
nular velocity of 180 ft per minute, using 
pipe and hole size shown in Fig. 2, a cir- 
culation rate of approximately 410 gal 
per minute will be required. As the use 
of 614-in. pump liners (Fig. 2) will pro- 
duce approximately 413 gpm, the selec-. 
tion of that size is assumed. 

Next, the size of nozzles that will pro- 
duce the desired jet velocity must be 
determined. Fig. 4 can be used for this 
purpose. With a circulation rate of 410 
gpm, it is found that three 14-in. nozzles 
will produce a jet velocity of approxi- 
mately 225 ft per second, which is 
slightly above the arbitrary satisfactory 
minimum of 200 ft per second. 

After a definite circulation rate and 
nozzle size have been selected, the pres- 
sure losses in the various parts of the 
hydraulic system may be determined. 
Those pressure losses that are inde- 
pendent of hole depth are considered 
first, and these are: 

1. Pressure loss from pump to the 

lower end of the kelley. 

2. Loss through bore of drill collars. 

3. Pressure drop across .the bit 

nozzles. a 

4. Losses up the annulus between 

hole and drill collars. 

The pressure losses as shown by the 
curves in Figs. 5, 6, 7, 8, and 9 are 
based on the use of mud weighing 914 
lb per gallon, as assumed in the ex- 
ample being considered. If mud weigh- 
ing other than 91% lb per gallon is used, 
then values for pressure losses obtained 
from these curves may be properly ad- 
justed by multiplying by the ratio of 
actual mud weight to 9144. Experience 
has shown that the curves may be used 
for considering a rather wide range of 
conditions. When oil emulsion muds are 


06 +08 10.42 
NOZZLE AREA - SQ. INCHES 


used, actual pressure losses may be 
somewhat less than those indicated by 
the curves. 

Fig. 5 has been prepared for consider- 
ing the pressure loss from the pump to 
lower end of the kelley. It can be seen 
that at a circulation rate of 410 gpm, 
using the piping combination shown in 
Fig. 2, a pressure loss of approximately 
30 psi will occur. The pressure loss from 
the pump to the stand pipe is not in- 
cluded. This will depend on the piping 
of the particular rig, but it is ordinarily 
a rather low value for most systems. 

Fig. 6 has been prepared for consider- 
ing the pressure loss through the bore 
of drill collars. For drill collars with 
234-in. bore, the pressure loss will be 
approximately 30 psi per 100 ft at 410 
gpm. As there are 270 ft of drill collars, 
the total pressure loss will be 81 psi. 
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14” Duplex poWer pumps 


Operated at maximum recommended speed of 60 strokes 
per minute. 90 per cent volumetric effciency assumed. 





Maximum recommended 
discharge pressure pounds 








Gallons per square inch 

Liner per 

size minute Pump A Pump B 
7" 557 529 828 
7% 519 568 900 
7 483 610 970 
6% 447 659 1047 
6” 413 714 1135 
6% 380 775 1233 
6 349 845 1346 
5% 319 924 1476 
5’ 290 1016 1627 

FIG. 10. 


Fig. 7 may be used to obtain the pres- 
sure drop across the bit nozzles. Using 
a volume of 410 gpm, the drop across 
the nozzles will be approximately 420 
psi when the bit is equipped with three 
14-in. nozzles. 

Fig. 8 may be used to obtain the pres- 
sure loss up the annulus at the drill col- 
lars. At a flow of 410 gpm, the pressure 
loss for each 100 ft of 614-in. OD col- 
lars will be slightly under 4 psi. This 
will amount to only about 10 psi for the 
270 ft of collars. 

Having determined the pressure losses 
that are independent of depth of hole, 
the losses that will occur as a result 
of adding drill stem to the system should 
next be determined. Fig. 9 may be used 
for determining part of such losses. At a 
flow of 410 gpm, a pressure loss of ap- 
proximately 65 psi will occur through 
each 1000 ft of drillstem. It may be de- 
termined from Fig. 8 that the pressure 
loss up the annulus between each 1000 
ft of drillstem and the hole will be ap- 





Pressure loss location 


Pressure loss 
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=2280 + 270=2550 ft 


Pump one ' M \ 
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173 
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Pump - 
Max. recommended disch. press... = 1135 psi 
Total independent losses......... = 541 psi | N 
oe \ 
ORS 604 saccnetsncese 594 psi N 
Depth at which pump will be loaded to rated capacity: 
594 | —~ ey 
=— X 1000 + 270 a, 
76 \ 
=7820 + 270=8090 ft 
FIG. 11. 
proximately 11 psi. Thus the pressure 
loss incurred by the addition of each FIG. 13. 


1000 ft of drillstem to the system will be 
65 plus 11, or 76 psi. 

In Fig. 10 it will be noted that with 
644-in. liners the maximum recom- 
mended discharge pressure for pump 
“A” is 714 psi and for pump “B” it is 
1135 psi. These values are used in Fig. 
11 in determining the depth of hole at 


FIG, 12. 
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which each pump will be loaded to rated 
capacity under the conditions of the ex- 
ample. It may be seen in Fig. 11 that 
the pressure losses, which are independ- 
ent of hole depth total 541 psi. This 
value is subtracted from the maximum 
recommended discharge pressure of 
each pump. The difference in each case 
represents pump capacity available for 
the pressure increase which will be 
caused by adding drillstem to the sys- 
tem. As the addition of each 1000 ft of 
drillstem will cause a pressure increase 
of 76 psi, the amount that can be added 
may be determined by dividing 76 into 
the difference noted and multiplying by 
1000. Adding the length of drill collars, 
it is seen that pump “A” will be pump- 
ing against its maximum recommended 
discharge pressure at a depth of 2550 ft 
and likewise pump “B” at a depth of 
8090 ft. 

After the hydraulic possibilities of 
the pumps have been determined, it is 
advisable to also determine the input 
horsepower requirements. The hydraulic 
calculations will be merely academic un- 
less sufficient engine power is available. 
The horsepower values shown in Fig. 
12 are based on a mechanical efficiency 
of 85 per cent and a volumetric efficiency 
of 90 per cent. These efficiency values 
are used by practically all slush pump 
manufacturers. Here it can be seen that 
pump “B”, which can be used to & 
depth of 8090 ft under the conditions in 
the example, would require approx! 
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mately 350 horsepower when that depth 
is reached. Pump “A” would require ap- 
roximately 225 horsepower when the 
depth of 2550 ft is reached. When com- 
paring engine horsepower with pump 
requirements, consideration should be 
given to the engine manufacturers’ 
rating for continuous service at the par- 
ticular rpm of operation. Since we are 
concerned with power delivered to the 
pump, drive losses between engines and 
pumps should also be taken into ac- 
count. ; 

The horsepower values mentioned 
above are those quoted by the manufac- 
turers of the pumps as the maximum re- 
quired input horsepower. These horse- 
power values are based on maximum 
recommended speeds and discharge 
pressures. It should be noted that if a 
pump is operated at less than maximum 
speed, then hydraulic output based on 
the maximum cannot be realized with- 
out exceeding the maximum recom- 
mended discharge pressures. It is ad- 
visable to consult the pump manufac- 
turer regarding operating practices 
which may result in exceeding the maxi- 
mum recommended discharge pressures. 

In the drilling of some formations, 
which have fairly high compressive 
strength and consequently lower drill- 
ability compared to the low strength 
formations, it has been found that cir- 
culation rates that result in an annular 
return velocity somewhat less than 180 
ft per minute may be safely used. To 
illustrate the results of reducing circula- 


tion rates, we may consider the example 
previously discussed and assume the use 
of 614-in. pump liners. Pump delivery 
will be approximately 380 gpm. This 
rate will result in an annular velocity of 
165 ft per minute and a jet velocity of 
207 ft per second. Assuming the use of 
pump “A”, it may be determined that 
the discharge pressure will reach the 
recommended maximum of 775 psi for 
614-in. liners at a depth of approxi- 
mately 4870 ft. This increase in the 
depth to which pump “A” can work 
without overloading is due to the higher 
allowable discharge pressure with the 
smaller liners and the decreased pres- 
sure losses in all parts of the system at 
the lower circulation rate. 

It is interesting to note the results of 
substituting 5-in. drill pipe with extra 
hole tool joints for the 414-in. pipe with 
full hole joints in the same example. A 
circulation rate of 380 gpm through the 
annulus of 5-in. pipe and 834-in. hole 
will produce a velocity of 180 ft per 
minute. Again assuming the use of pump 
“A”, it may be determined that the 
maximum recommended discharge pres- 
sure will be reached at a depth of av- 
proximately 7600 ft. This illustrates the 
hydraulic advantage of the larger pipe. 

By way of contrast, it is interesting to 
note the results of using smaller drill 
pipe. Assuming the use of 314-in. pipe 
with IF joints, pump “A” will be fully 
loaded at a depth of only 1460 ft. This 
is also based on a circulation rate of 
380 gpm which produces a velocity of 








147 ft per minute in the annulus between 
the 314-in. pipe and 834-in. hole. 
Some operators having suitable equip- 
ment have found it profitable to adopt a 
program of changing pump liner size 
during the drilling of a well. The larger 
size liners are used when drilling in the 
top section of hole. The relatively higher 
volumes obtained by the use of the 
larger. liners are used to produce in- 


‘creased jet velocities. 


In some cases series compounding and 
parallel operation of two pumps has 
been used to obtain increased hydraulic 
power. It is advisable to consult the 
pump manufacturers regarding prob- 
lems that may be involved in such opera- 
tions. 

As previously stated, the use of 914 
lb per gallon of mud was assumed in all 
examples considered. As pressure losses 
in all parts of the system are directly 
proportional to mud weight, the use of 
appreciably heavier muds would also 
appreciably reduce the depths that could 
be drilled before pumps are loaded to 
rated capacities. The effect of restric- 
tions in the hydraulic system, such as 
small size surface connections, smal! 
drill pipe, and small bore or large OD 
drill collars, should not be overlooked 
in the consideration of actual field 
problems. 

It is not to be assumed that circula- 
tion rates and jet velocities used in the 
examples are optimum values. In some 
cases where hydraulic equipment is 
rather high powe-ed. the individual! op- 
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If you are moving or expect pos- 
sibly to move any time soon, save 
the coupon below for your conven- 
ient change of address. It will pre- 
vent. your copy of The Petroleum 
Engineer from being lost or mis- 
directed. 





TO: The Petroleum Engineer 
P. O. Box 1589 e Dallas 
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INSTALL 


~ Martin Plungers 
~ Martin Cages 


Hundreds of Operators have checked 
and double checked on that. 


Designed for the job. 
They do the job. 
Sold thru your supply company. 


Field representatives: 





E. W. Brockman, Tel. 7-7477, Tulsa 
Don C. Davis, Tel. Wilson 8055, Fort Worth 
Tom Hulett, Tel. 3-4545, El Dorado, Ark. 
L. K. Martin, Tel. 2-5317, Corpus Christi 
J. L. Davis, Tel. MOhawk 4891, Houston 


JOHN N. MARTIN 


MANUFACTURER 


9 W. Brady St., Tulsa, Okla. Tel. 4-9415 
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erators involved have successfully used 
much higher circulation rates and jet 
velocities. In other cases, somewhat 
lower values have been used success- 
fully. It is well known that there are 
many variables in the drilling of wells 
and the problems of each operator are 
varied and must be considered in the 
light of his particular circumstances. 
At present, the greatest application of 
jet type rock bits is along the Texas 
and Louisiana Gulf Coast, the East 
Texas and North Louisiana area. The 
predominating formation along the coast 
of Texas and Louisiana is unconsoli- 
dated shale and sand streaks which vary 
from low to moderate strength. These 
formations are normally drilled with a 





soft formation type rock bit, and the 
high velocity jet principle has mate- 
rially improved performance of rolling 
cutter bits in these formations. Approxi- 
mately 29 per cent of the rock bits run 
in this area are of the jet type. In the 
East Texas and North Louisiana area, 
a portion of the formation is predomin- 
ately low strength unconsolidated shale, 
and soft formation type jet rock bits 
have shown marked improvement in per- 
formance over the same type of rock bit 
having conventional watercourses. In 
this area, jet type rock bits are also 
used rather extensively in drilling 
medium to high strength formations. 
Approximately 27 per cent of the rock 
bits run in this area are of the jet type. 











MARTIN-DECKER 


Production Model 


Clipper “Sealtite”’ 
Weight Indicators 


A Martin-Decker Production Model Weight 
Indicator Gauge can be placed anywhere you want it—at the brake, 
in front of the driller, over next to the line permanently attached to 






















the mast where it can be seen 
by the driller—without danger 
or damage from dead line vi- 
bration or whip, and with it you 
can read your loads with pre- 
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supersensitive Vernier for 
maximum sensitivity and read- 
ability. Vacuum loaded at the 
factory and permanently 
sealed. Easy to install and move. 
No adjusting, no pumping. 


Install your Clipper Produc- 
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The percentage improvement in pene. 
tration rate and footage per bit varies 
widely, depending upon the formation 
encountered, type of drilling mud being 
circulated, weight applied upon the bit, 
rotary speed, and efficiency of the dril]. 
ing personnel. 

The following data will illustrate 
some of the variations in improvement of 
performance that have occurred. The 
data are not based on field or area aver. 
ages but were obtained in each case by 
comparing performance between a sin- 
gle jet drilled well and an offset con. 
ventionally drilled. 








Indicated % improvement 
compared to conventional! bits 





a, 
Average Average 
Section Size rate of feet per 
Location drilled hole penetration bit 
of well ft in. per cent per cent 
Panola Co. 
East Texas.. 4400 9 18 42 
Harrison Co. 
East Texas.. 6700 83% 49 46 
Ector Co. 
West Texas.. 3900 834 —5 90 
Titus Co. 
East Texas.. 4400 834 21 22 








The previously mentioned extent of 
jet bit usage does not appear to be the 
ultimate. Jet bits are presently being 
manufactured in most of the popular 
sizes and types for drilling the uncon- 
solidated sand and shales to medium 
high strength formations. A_ limited 
quantity has been manufactured in the 
hard formation types. 

In expediting jet bit tests, some op- 
erators have been using regular bits as 
sembled in jet subs as illustrated in 
Fig. 13. This is a quarter section draw- 
ing showing the construction of the jet 
sub and its relationship to the bit. 

During the past year, experimental 
runs ‘with jet type rock bits have been 
made in West Texas, California, Okla- 
homa, Rocky Mountains, Illinois, Can- 
ada, and Venezuela. The results ob- 
tained in formations consisting largely 
of moderate to low strength shales is 
comparable to the results recorded along 
the Gulf Coast of Texas and Louisiana. 
In the harder high strength rocks, such 
as those encountered in the Permian 
Basin of West Texas, jet rock bits have 
shown an improvement compared ti 
conventional rock bits; however, addi- 
tional runs will have to be conducted to 
provide additional data before final 
evaluation of the jet type rock bit can be 
made in this area. 

In some areas a large number of the 
rigs do not have adequate pump capac- 
ity for efficient jet bit operation an 
tests to date have not been encouraging. 
There is some doubt that widespread 
usage of the jet type rock bit will mate- 
rialize where this condition exists. 

In general, jet type rock bits properly 
operated show improvement compare 
to conventional rock bits when run on 
rigs having adequate hydraulic capacity, 
although in some formations or under 
some operating conditions, such as the 
use of very light weight on the bit, the 
improvement may be negligible and the 
additional expense involved in running 


2 * 


a jet bit is not always justified. * * 





























make your trees lighter, 
yet stronger and more 
economical 


Ask your Christmas tree supplier to furnish UNIBOLT Flow Manifolds (everything 
above the master valve). These compact, completely salvageable manifolds, consisting 
of a Tee or Cross, Adjustable Wing Valve, and Positive Choke Body, are pressure- 
tested as a unit and may be assembled in a ber of combinations to best meet 
individual needs. 

Employing standard UNIBOLT connections rather than flanges, the UNIBOLT Flow 
Manifold is many pounds lighter, yet the UNIBOLT design, which places more metal 
in shear, actually results in a higher factor of safety for the manifold. 

Furnished in regular forged steel or in high-chrome alloy for corrosive wells — 
6000, 10,000 and 15,000 Ibs. test. 


THORNHILL-CRAVER COMPANY 


P.O. BOX 1184 AiR HOUSTON, TEXAS 
UNIBOLT 
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FIG. 1. 
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COMPRESSION TENSION 


OINT OF WRENCH FLAT BREAK. 


TENSION IN PIN DUE TO 
PROPER TIGHTENING. 


COMPRESSION IN COUPLING 
POINT OF PIN FAILURE. 
POINT OF COUPLING FAILURE. 


AXIMUM TENSION IN COUPLING. 


FIG. 2. API Sucker rod joint. 


-Sucker-Rod Joint Failures‘ 


Understanding causes aids in reducing 


incidence of present API joint failures 


A. A. HARDY 


Abstract 


This paper classifies sucker-rod joint 
failures, analyzes the stresses involved 
in the standard API joint, attempts to 
explain the cause of the breaks that 
occur, and suggests possible remedies 
of the situation. A new undercut joint 
is explained, which is now under field 
test. This new undercut pin is of such 
design that it can be made from our 
present sucker-rod pin forgings. An en- 





+As amended after presentation at the Spring 
Meeting of the Mid-Continent District, API 
Division of Production, Broadview Hotel, 
Wichita, Kansas, March 19-20-21, 1952. 
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tirely new joint is also proposed; and 
the reasoning for its presumed superi- 
ority is given. 

Sucker-rod joint failures have always 
been a source of grief to the oil pro- 
ducer; and will continue to be such until 
someone devises a better joint, far less 
vulnerable to fatigue than the present 
API standard. An understanding of the 
nature of the failure, however, and the 
stresses and contributing factors in- 
volved, can aid materially in reducing 
the incidence of such failures even with 
our present standard joint. 


P 514.312 


Classes of Failures 


All joint failures fall in one of {cur 
classes: (1) completely unscrewing jn 
service; (2) wear as illustrated in Fig, 
1; (3) failure due to workmanshi;; or 
material defects; and (4) fatigue of 
metal, usually accelerated by corros!on, 
The first two suggest their own rem: ly, 
The third, fortunately, is extremly 
rare; and it, too, suggests its own rem- 
edy. In the hundreds of joint failures 
examined by the writer, no breaks in 
the pin proper or in the coupling have 
been found that are definite'y charge. 
able to original defects, with the ex. 
ception of one pin failure where the 
coupling face was 0.017 in. out of paral- 
Jel: with the pin shoulder face. A few 
pin ends broken in the wrench square, 
as indicated by an arrow in Fig. 2, have 
been inspected. All such are definitely 
caused by forging defects. 

The fourth class, or the break due to 
fatigue failure, represents about 90 per 
cent of the source of trouble and is, of 
course, the hardest of the lot to under- 
stand or combat. The nature and cause 
of fatigue failures is not within the 
scope of this article. Very able and com- 
prehensive literature on the subject is 
available!.+ We can simply say that the 
endurance life of a metal part subject 
to fatigue can be improved by: (1) low- 
ering the stress as by increasing the 
metal area; (2) decreasing the rate of 
corrosion, as by use of inhibitors; (3) 
decreasing the range of stress; and (4) 
eliminating stress raisers such as sharp 
notches placed at critical points. Fig. 3 
is a graph that shows the relationship 
between fatigue life, both in air and in 
brine, and magnitude of stress, and Fig. 
4 shows the Goodman diagram?, which 
illustrates the effect of range of stress. 

Before going further in discussing 
actual failures and means of combating 
them, it would be well for us to have a 
clear understanding of the quality and 
quantity of stresses involved in the 
sucker-rod joint under both static and 
dynamic conditions. 





#References are at the end of the paper. 
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CYCLES OF STRESS REVERSALS 


FIG. 3. Fatigue test of AISI 4815 steel in air and in brine. 


Stress in Sucker-Rod Joint 


These stresses can be most easily 
comprehended by visualizing a spring- 
loaded analogue as shown diagramati- 
cally in Figs. 5 and 6. Referring to Fig. 
5, assume spring “B” to be exerting a 
pull of 10 lb in the assembly. There will 
then be a reacting pressure of 10 lb at 
the contact faces “A.” Now, if we hang 
a load of 6 lb on the hook, pressure at 
“A” will be reduced to 4 lb; hence, the 
faces must still be in contact. If the 
faces are still in contact, there has been 
no change in length of the spring, and 
no change in length means no change 
in stress or pull. Therefore, as long as 
the load hung on the hook is less than 
the pull exerted by the spring, there 
will be no change in stress in the spring. 
When the load does exceed the spring’s 
initial pull, the faces separate and all 
the load is carried directly by the 
spring. The spring “B” is, of course, 
analogous to that part of the sucker-rod 
pin between its shoulder and the last 


TENSILE STRENGTH 


full thread. The body “C” is analogous 
to the corresponding part of the cou- 
pling, and the initial load in spring “B” 
is analogous to the initial load set up 
in the pin by proper tightening of the 
joint. 

Of course, the coupling wall is com- 
pressible, so a more accurate analogy 
is illustrated in Fig. 6 where the body 
“C” of Fig. 5 is replaced with a heavy 
spring “C”. Here again we will assume 
an initial tension of 10 lb in spring “B” 
and will further assume that it elongates 
10 centimeters for every pound of load 
imposed on it. Also assume that spring 
“C,” being larger and stiffer,’ deflects 
one centimeter for every pound of load 
imposed on it. When we again hang 6 
lb on the hook, the pressure at “A” will 
again be reduced to 4 lb, and the faces 
will still be in contact; but spring “C” 
will elongate 6 cm, being relieved of 
6 lb of its compression, resulting in 
spring “B” elongating an equal amount. 
Six centimeters on spring “B,” however, 
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represents six tenths of a pound; there- 
fore, its tension is increased from 10 
to 10.6 lb by the addition of 6 lb load. 
So it becomes evident that the pull or 
stress of the inner spring is not propor- 
tional to the load added to the hook; 
or, in terms of the sucker-rod joint, the 
stress in the pin is a factor not only of 
the load on the string, but is a factor of 
the respective areas of the coupling and 
pin as well. It also becomes evident that 
the initial stress imposed in the spring 
by proper tightening must exert a load 
on the contact faces greater than any 
load that might be imposed on the rod 
string so that the faces will not sepa- 
rate under that load. 

Keeping in mind the inter-action of 
the two springs, but shifting our think- 
ing from the analogue to the actual pin 
and coupling, a more exact mathemati- 
cal analysis follows. 


Calculations 
Let 
W = load on rod string, in lb 
L, = tensile load in pin due to ini- 
tial tightening load +- W in |b 
L. = compressive load in coupling 
due to initial tightening -- W 


in lb 
Then equilibrium requires that: 
ee ee ee eee 


When 
W = O, or when stresses in the joint 
are. due to tightening alone, 
the compressive force in the 
coupling and the tensile force 
in the pin are equal; therefore, 
Let 
L, = initial load, in lb, at shoulder 
due to tightening alone. 
A, = unit pin elongation with L,. 
Ae, = unit pin elongation with L, 
alone. 
A, = area of pin at root of threads. 
Basically, unit elongation = 





Stress _—_ Load 
E  AreaXE 
Then: 
a Ae, = a 


«ASE 


A,E 




























Subtracting: 


L, L, 


Ae — Ae, = A,E A,E os (2) 


Similarly for the coupling: 
Ae = unit coupling elongation with 
a 
Ae, = unit coupling elongation with 
. be 
A, = area of coupling at major 
thread diameter. 





Then: 
onan L. d Ac, = Lh 
a ae 
Subtracting: 
ee in tla Sy ok 
tie! wea: Se 


But as faces do not separate, elonga- 
tions are equal; therefore from Equa- 
tions (2) and (3): 

bho bob b& 
A,E A,E ~ AE AE 

A, (L,— L,) =A, (L,;— L,) ° (4) 

Solving equations (1) and (4) for 
L,, we obtain: 

A, (L, — L,) =Ap (L,;—L,+-W) 

A.L,+ApLp)= A-L;+-ApL;+A,W 
Ly(Ae-t Ay) » AW 
(A.-F A) ' A.-FA, 

A 
ae a. 
ih ey 4 - - &) 


L,= 


Let 
S = pin stress in pounds per square 
inch under L,. 
S, = initial pin stress in pounds per 
square inch under L,. 
Then: 
L, = SA, and L, = S,A, 
and, substituting in equation (5) : 





A.W 
¢ P 
W 
nian at Es . (6) 


Equation (6) simply states that the 
stress in the pin in any joint is equal to 
the initial stress set up in the pin by 
tightening alone, plus the load added 
to the rod string divided by the areas 
of the coupling and pin combined. Of 
course, practical limitations require, in 
good joint design, that the coupling 
must have a greater metal cross-sec- 
tional area than the pin and that the pin 
must have a greater metal cross-sectional 
area than the rod. What happens when 
these relationships differ is interesting, 
but beside the point. 

Following this reasoning, let us inves- 
tigate the pin stresses in the two styles 
of joints suggested for use on %-in. rods 
operated in 2-in. tubing. The first con- 
sists of the standard 1,',-in. pin with a 
154-in. reduced diameter coupling. The 
other consists of a 1,),-in. diameter pin 
with the same (154-in.) diameter cou- 
pling, the API standard for 34-in. 
rods. The respective coupling and pin 
metal areas are as follows: 
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Pin size, Coupling area, Pin area, 
in. in. in. 
15 0.93287 0.87260 
lye 1.15727 0.67790 


For the. %-in. slim-hole joint with 
1.3,-in. pin, a 40,000 psi preload and 





20,000-Ib rod string load: 
20,000 
S = 40,000 ++ > 93987 + 0.87260 


= 51,077 psi 


And for the %-in. slim-hole joint with 
the 1,,-in. pin and the same loading: 


20,000 
S = 40,000 -+ 175797 + 0.67790 


= 50,898 psi 


The difference in pin stress, for prac- 
tical purposes, is nil; but it is sig- 
nificant, surprising as it seems on first 
thought, that the smaller pin is just as 
capable of resisting breakage in fatigue 
as the larger pin with the same diameter 
coupling, at least until the contact faces 
separate. 

Thus it can be seen that with proper 
tightening the pin stress in any joint of 
a given diameter is independent of the 
actual pin size; subject, of course, to the 
limitation imposed by good design men- 
tioned previously. Therefore, if coupling 
breakage or coupling wear is a factor, 
the smaller pin that allows a larger 
coupling metal area should give the bet- 
ter service. 





Pin Failures 


Practically all pin failures are due to 
fatigue and invariably occur at the last 
full thread, as shown by the arrow in 
Fig. 2. A picture of a broken pin is 
shown in Fig. 7. The break is always at 
right angles to the axis of the pin and 
is smooth and stained in a half moon 
where the break started and rough and 
ragged 180 deg from the start where the 
final rupture occurred. Now the signifi- 
cant fact about fatigue breaks is that 
they are caused by a high range of stress 
variation over thousands or even hun- 
dreds of thousands of stress cycles and 
not by high stress alone. No piece of 
steel has ever been broken by a single 
high stress even beyond its elastic limit 
so long as the stress has not exceeded 


‘its ultimate strength. 


These failures, then, being caused by 
fatigue must be due to a high range of 
stress variation. As shown by the stress 
analysis given previously, this high 
range of stress can only occur when 
the faces separate under load. The 
faces can only separate when the ten- 
sion in the pin due to tightening is less 
than the tension induced due to the 
working load; or, in terms of the ana- 
logue shown in Fig. 6, when the tension 
in spring “B” is less than the load ap- 
plied to the hook. 

The remedy, then, obviously is to 
tighten the joints initially so that the 
faces do not separate when the working 
load is applied. This requirement has 
been pointed out by several authors, 
such as Mills, Doughtie and Carter,* 
Sauer, Lemmon, and Lynn;5 Almen.® 
and many others. To do this, a prede- 
termined torque must be carefully ap- 
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plied to the joints as they are run, 
Doughtie and Carter have suggested a 
formula showing the relationship be. 
tween torque and pin stress which ap. 
pears to work out very well for sucker. 
rod joints : 


T=4(24 Ht +Di.) 


2 cos « 





wherein: 

T = torque required to turn the cou- 

pling, in.-lb. 

F = axial tensile load in pin, lb. 

p = pitch of threads, in. 

E = pitch diameter of screw thread, 

in. 

f = coefficient of friction between 

threads. 

f, = coefficient of friction between 

contact faces. 

D, = mean diameter of contact faces, 

a=one half the included thread 

angle measured in a place 

through the bolt axis. 

= 30 deg. 

Experiments by the writer and a study 
of similar experiments by others has 
indicated that the coefficients of friction 
in this formula should be evaluated at 
0.11. This may seem low for the average 
threaded joint, but the API sucker-rod 
joint is not an average commercial joint. 
The API tolerances make it consider- 
ably above average in quality, resulting 
in good finish and lower-than-average 
friction. 

Assuming that the stress desired in 
the pin is 40,000 psi, and solving for 
the torque required for this condition, 
we have the following results: 

5£-in. rods—213 ft-lb 
34-in. rods—340 ft-lb 
7-in. rods—512 ft-lb 
1-in. rods—770 ft-lb 
In terms of weight or force required at 
the end of a 3-ft arm, this would be: 
5£-in. rods— 71 |b 
34-in. rods—113 |b 
¥-in. rods—171 Ib 
1-in. rods—257 lb 

It is our experience that an impact 
wrench, as ordinarily used, will build 
up between 200 and 500 ft-lb of torque. 


‘depending upon how it is used. If this 


be true, we should, assuming that the 
foregoing figures are correct, seldom ex- 
perience any breaks in 54-in. pins and 
occasionally experience breaks in 34-in. 
pins. Seven-eights-inch and l-in. pins 
should be the most common type of 
break. This is actually borne out in ex- 
perience. We never hear of broken 5-in. 
pins. Occasionally, we have a few 34-in. 
broken pins. Most of our pin breaks 
occur in %-in. rods, with a few 1-in.; 
however, the number of 1-in. rods in 
operation is far less than the number of 
%-in. and would explain this discrep- 
ancy. 

It is our firm belief that we should 
throw away all of our impact wrenches 
and use one of the commercially avail- 
able torque wrenches, air-powered suck- 
er-rod wrenches set for the proper tor- 
que; or give the men 2 or 3-ft cheaters, 
depending on the rod size, and school 
them in tightening in the proper man- 
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ner. The impact-wrench method, at the 
best, is highly uncontrollable and highly 
unpredictable. 

The suggested loading of 40,000 psi 
is the minimum that should be used. 
The danger, as far as failure is con- 
cerned, is far less in applying too much 
torque than in applying too little. D. R.” 
Miller? of the National Bureau of 
Standards has pointed out that even if 
the elastic limit of the pin is exceeded 
in tightening, no particular harm is 
done. Actually, exceeding it appreciably 
may be beneficial, One recognized 
means of improving the fatigue life of 
steel is to stretch it beyond its elastic 
limit. This fact has been pointed out by 
Almen® with reference to cut threads 
on studs and bolts, who also subscribes: 
to torquing threaded connections be- 
yond the yield point where the appli- 
cation is of the same nature as the sucker 
rod joint. 

Of course, it is conceivable and high- 
ly possible that a joint may loosen in 
service even though properly tightened. 
This possibility can only be overcome 
in the present joint by increasing the 
friction that resists loosening such as 
by removing all grease on the contact 
faces of the pin shoulder and coupling, 
being careful to leave it on the threads 
of both pin and coupling. The writer 
realizes that this is a large order in 
actual practice. 


Lack of Parallelism 


This subject has caused considerable 
concern in the industry. Of course, rea- 
sonable parallelism should be held, but 
with the 0.001 in. to 0.007 in. clearance 
between the pin and coupling threads al- 
lowable under the present standards, to- 
gether with the plastic flow that occurs 
in the metal in pin and coupling threads 
and in the contact faces when properly 
tightened, the joint will seat itself and 
will compensate for considerable angu- 
larity. For this reason, it would be most 
excellent practice to fully tighten, then 
loosen, and fully tighten each joint a 
second time when running a new string 
of rods. It is the writer’s opinion that 
a total misalignment of the faces be- 
tween the product pin and coupling of 
the order of 0.005 in. would do no harm. 

rger clearances would cause high 
stresses on one side of the pin and 
might even exceed the elastic limit of 
the metal at some point; but particularly 
In view of the article by Almen re- 
ferred to previously, this may not be ob- 
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FIG. 8. 





jectionable. It is the cyclic stress and 
not the high stress that causes failure. 
It is, however, the writer’s opinion that 
excessive face misalignment is condu- 
cive to joints becoming loose in service, 
resulting in pin failures. 

Coupling failures seem to be pecu- 
liar to certain districts, some districts 
experiencing none while others seem 
to be plagued with them. In all proba- 
bility they are associated with crooked 
hole country. All couplings fail in fa- 
tigue and at the point that coincides 
with the first thread on the pin, as indi- 
cated in Fig. 2. The start of this failure, 
while in the region of the end of the 
wrench flat, seldom, if ever, coincides 
with the wrench flat. The writer has 
never seen a broken coupling whose 
break could be definitely attributed to 
the wrench flat. Another fact that seems 
to present itself on limited observation 
is that the couplings usually appear to 


‘break opposite the first thread of the 


bottom pin and not the top pin. The 
only apparent significance here might 
be that the fluid that seeps into the joint 
being corrosive and lying on top of the 
end of the bottom pin might hasten cor- 
rosion fatigue at this point. Confirma- 
tion on this thought should be sought. 
The start of the fatigue break some- 
times lies on the outside surface of the 


FIG. 9. 





coupling, but usually is in evidence at 
the root of the thireads on the inside. If 
on the outside, the break can be in- 
variably traced to a crack in the hard- 
ened case caused by a hammer blow. 
Even a moderate blow can crack the 
case of a hardened and ground coupling, 
and such cracks are ideal points for 
fatigue breaks to start. This is illus- 
trated in Fig. 8. If this condition is sus- 
pected, it can be easily proved by etch- 
ing the broken coupling in a 50 per 
cent solution of hydrochloric acid at 
160 F for 30 min. This procedure will 
bring out the hammer-blow marks with 
surprising clarity. 

As mentioned previously, however, 
most of the breaks start from the inside 
as shown in Fig. 9. This type of break 
starting from the inside cannot be 
caused by bending or hammering, either 
of which would have their maximum ef- 
fect on the outside surface. It then must 
be the result of fatigue starting at the 
point of maximum stress, together with 
the sharp V notch effect of the threads 
at this point. Considered in this light, 
then, these breaks should start where 
they do, on the inside and at the end of 
the pin. Correcting this condition pre- 
sents a real problem, for there is no 
means of limiting the range of stress at 
this point in the coupling as there is in 
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FIG. 11. Proposed %-in. under cut sucker rod pin. 





the pin. Three possible methods do pre- 
sent themselves, however: (1), increase 
the metal area at this point, thus reduc- 
ing the magnitude of the stress; (2), 
assuming corrosion to be a contributing 
factor, use some type of corrosion inhibi- 
tor inside the coupling, thus materially 
increasing the fatigue endurance life 
as shown by Fig. 3; and (3), treating 
the thread roots in the coupling in some 
manner to reduce their V sharpness and 
consequent fatigue vulnerability, such 
as by rounded roots instead of the pres- 
ent API standard flat roots. 


The Undercut Pin 


During World War II the aviation 
industry developed the undercut thread 
for studs and bolts, and thereby practi- 
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cally eliminated fatigue failures in such 
components that had been disastrously 
troublesome. The undercut thread con- 
sists of turning the body of the threaded 
member between the last full thread and 
the seating shoulder to a cylindrical 
section slightly less in diameter than the 
minor diameter of the threads. This prin- 
ciple is not new, having been applied to 
sucker rods as early as 1932, but it is 
now universally recognized as the pre- 
ferred design for threaded components 
subjected to reversals of stress. 

The undercut thread as applied to the 
sucker-rod joint is covered by D. R. 
Miller in the article referred to pre- 
viously. It accomplishes two important 
things: 


1. It materially reduces stress concen- 
tration at the root of the last full 
thread and streamlines the stress 
flow in a manner that greatly reduces 
fatigue vulnerability. 

2. If the cylindrical portion is of an 
appreciable length, the elongation of 
this section under initial tightening 
stress can be very successfully used 
to offset the slight relaxation of this 
initial stress, which invariably oc- 
curs as a result of the plastic flow of 
the metal or seating of the joint un- 
der the working load. In this way the 
joint stays tight and more nearly 
maintains its original tightening 
stress. The longer the cylindrical 
section, the greater will be the 
elongation under any given stress; 
and the greater will be the capacity 
to absorb plastic flow with minimum 
relaxation. 

Fig. 10 illustrates one design of under- 
cut joint that is currently under test and 
which has so far given definite evidence 
of being superior to the API jointa It 
can be machined from the present API 
pin forging with the present threading 
die heads, and uses the present API 
couplings. Fig. 11 shows a preferred de- 
sign with a longer neck and slightly 
smaller diameter; but which would re- 
quire new forging dies, new threading 
equipment, and new couplings. To illus- 
trate the desirable effect of the longer 
neck, let us consider actual figures for 
the %-in. joint. Basically, unit elonga- 
tion equals unit stress divided by the 
modulus of elasticity; then at 40,000 
psi representing the desired neck stress 
due to tightening alone: 


40,000 
29,500,000 
= 0.00136 in. per inch 


The distance from the last full thread 
to the shoulder on the API joint is 
0.550 in. This is not all free to stretch 
due to the imperfect threads, but for 
the purpose here, we shall assume it is. 
This same distance on the neck of the 
pin shown in Fig. 10 is 0.687 in. and in 
Fig. 11 is 1.5 in. The respective elonga- 
tions under the same tightening stress 
of 40,000 psi will then be: 


API—0.00136<0.550=0.00075 in. 
Fig. 10—0.00136< 0.687 =0.00093 in. 
Fig. 11—0.001361.500=0.00204 in. 


It is conceivable that 0.00075 in. re- 


Elongation = 





laxation of elongation could occu, in 
seating of the API joint. If it did occur, 
the joint would loosen in service and 
fail very shortly in fatigue. The uider. 
cut joint of Fig. 10 is 25 per cent beter, 
but the long neck of Fig. 11 is 172 per 
cent better. In the writer’s opinion. the 
long-neck joint would always stay | ‘ight 
if properly tightened in the first | 

for it is inconceivable that plastic lox W r 
the metal would absorb the 0.002 i 
seating under the working load. The a: 
outside diameter has been reduced to 
14% in. instead of the API 1 3/16 in 
which enables us to put more metal in 
the coupling and thus reduce the range 
of stress in the pin as shown previo usly, 
as well as increasing the strength of the 
coupling itself. It is the writer’s opinion 
that this joint, together with a coupling 
with rounded thread roots, would go a 
long way toward eliminating our present 
joint failures. 


Conclusions 


1. Proper and controlled tightening 
of the sucker-rod joint is of paramount 
importance in the prevention of broken 
pins. Some type of controlled torque 
wrenching should be used. 

2. Tightening too little is far more 
dangerous than tightening too much. 

3. New strings of rods should always 
be bucked up twice as they are run the 
first time. 

4, The stress in the pin in a properly 
tightened joint is independent of pin 
size; therefore, if coupling breakage or 
wear is a factor, smaller pins for a given 
size coupling outside diameter should 
give better service. 

5. Hammering a hardened and ground 
coupling will crack the case and is ex- 
tremely likely to cause coupling break- 
age. 

6. If coupling breakage is not caused 
by hammering, the break then starts 
from the inside as a fatigue break. 
Rounded roots of coupling threads. 
heavier wall couplings, and some means 
of controlling internal coupling cor- 
rosion are most likely procedures for 
eliminating coupling breakage from 
this cause. 

7. The undercut pin design is very at- 
tractive and gives promise, if properly 
designed, of eliminating joint failures 
both in the pin and in the coupling. The 
neck length should ideally be at least 
two diameters. The longer the neck, the 
less is the chance of loosening. 
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Good ‘Feeding Habits’’ for Your Diesel 


Clean air and clean fuel are the two essential 
items in keeping a diesel engine on proper diet 


T= power plant of most construction 
machinery is a diesel engine whether 
used to drive crawler or wheel tractors 
or self-propelled rubber-tired scrapers. 
Diesels are the most common power 
plants for cranes, hoists, mixers — in 
fact, almost every machine found on 
construction jobs. The diesel has proved 
itself by billions of hours of productive 
work using low-cost fuel and turning 
out energy under the most rugged 
working conditions. The diesel engine is 
dependable, but it must be treated right. 

The two essential items in the diesel’s 
“food supply” are clean fuel and clean 
air. Diesels are economical with fuel, 


but they suck in air like a mile runner 


on the last lap. 

For example, a thousand-cubic-inch 
diesel engine, running at rated rpm, 
breathes in approximately 865 cu ft of 
air a minute, or more than 415,000 cu ft 
of air in eight hours, to fill a 4-story 
building 100 ft square. 

Above all, the fuel and air fed to the 
diesel must be clean. Clean lubricating 
oil is desirable and important, but not 
nearly so important as clean fuel and 
air. That’s why diesel engine manufac- 
turers lavish such care on the design 
and manufacture of fuel filters and air 
cleaners. Without these units, the 
rugged, durable diesel would strangle 
itself, choked by dirty air or damaged 
internally by foreign matter in the fuel. 
These are reasons why it pays big divi- 
dends to provide proper storage for fuel 
and give attention to the air cleaner. 

Naturally, it is smart practice to use 
only the grade of fuel recommended by 
the manufacturer. Some fuel suppliers 
will offer substitutes that are “just as 
good.” But the recommended grade of 
fuel will produce the amount of horse- 
power at the drawbar that the manu- 
facturer guarantees. 

Buying good fuel is only the first step 
toward insuring proper food for your 
diesel. Proper storage of fuel is equally 
important. Fuel may be properly stored 
either above ground or below ground, 
but the latter method is preferred as 
underground temperatures are more 
constant and there will be less conden- 
sation in the tank. In either method, 
however, provision should be made for 
accumulation and removal of water and 
sediment from the tank. A drain at the 
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base of the tank should be provided to 
remove periodically the water and sedi- 
ment that settles there. 

The pump suction pipe should not 
reach this part of the tank so that there 
will be no chance of sucking up water 
when pumping fuel from the tank into 
tractors or other machinery. A screen 
filter should be provided in the storage 
tank filler neck, and, of course, the 
filler opening should be kept carefully 
capped. Also, the nozzle of the fuel tank 
hose should be hung in a protected 
place so that dirt and water cannot enter 
the supply from that spot. 

Occasionally, fuel from small con. 
tainers is emptied into the storage tank. 
This is bad practice as these small 
amounts of fuel frequently contain some 
gasoline or kerosine, and even these 
small quantities can contaminate the 
entire fuel supply in the storage tank. 
It is far better to use this fuel to wash 
parts or else dispose of it. 

Watch the glass water trap in your 
tractor engine. If water is accumulating 
in these traps at a rapid rate, it’s a 
pretty good indication that contamina- 
tion is taking place where the fuel is 
stored. 

All these precautions add to the life 
and efficiency of the fuel filters that 
guard the injection systems of your 
diesel engines. 

Fuel filters are the final guardians 
of the diesel engine’s food supply. They 
must be nearly 100 per cent efficient to 
prevent foreign matter from entering 
the injection system where the extreme- 
ly close tolerances cannot accept it. A 
diesel injection pump is built to preci- 
sion tolerances finer than the finest 
watch, and watches cease to work when 
dirt enters them. 

There are no rigid rules for changing 
fuel filters, but low readings on the fuel 
pressure gage ordinarily indicate a 
stopped-up fuel filter. If the filter must 
be changed, replace it with the type 
approved by the manufacturer. Be very 
careful to insure positive sealing so that 
the filter will work efficiently. Poor seal- 
ing makes the best fuel filter almost 
useless. It will not be necessary to 
change fuel filters very often, however, 
if your fuel supply is properly stored 
and cared for. As fuel filters are not 
cheap, it pays off to store your fuel 
properly. 

The other important item in a diesel’s 





diet is air, and that, too, must be kept 
clean before the engine breathes it. 
Diesel engine manufacturers design and 
build adequate air cleaners into their 
products so that the engine will get 
enough clean air to develop its full 
rated horsepower. 

On construction jobs the air is fre- 
quently extremely dusty, and under 
these conditions it is wise practice to 
extend the air cleaner intake pipe so 
that it will reach the cleaner air above 
the dust level. Erroneous claims have 
been made that extended air cleaner 
pipes tend to smother an engine. Actual- 
ly, the opposite is true, as there is a 
greater column of air in extended pipe. 

Under dusty operating conditions, it 
is important to clean out the air cleaner 
at frequent intervals. The oil tray 
should be removed and washed and then 
filled to the proper level with the weight 
of oil recommended by the manufac- 
turer. But oil changing alone is not 
enough. Be sure to remove the screens 
in the upper portion of the air cleaner 
and wash them in kerosine before re- 
placing them. To insure a thorough job, 
follow the manufacturers’ instructions 
in the owner’s manual. 

Even though the air cleaner is func- 
tioning perfectly, there are other spots 
that can develop air leaks and allow 
dirty air to enter the engine. For exam- 
ple, leaks are likely to develop at the 
connection between the air cleaner and 
the intake manifold and between the in- 
take manifold and the cylinder head 
that is sealed by gaskets. These points 
should be checked at frequent intervals 
by taking an oil “squirt” can filled with 
water or kerosine and squirting this 
fluid around the joints. If any liquid is 
sucked into the engine, there is an alr 
leak at that spot. Such air leaks de- 
mand immediate repair. to prevent se- 
rious damage to the engine. 

The precautions mentioned here are 
not time consuming and require little 
effort. Yet they will extend the life and 
increase the efficiency of your diesel 
engines to a remarkable degree. The 
diesel’s diet demands scrupulously clean 
fuel and clean air. By giving proper 
attention to the numerous devices de- 
signed to protect the fuel and air sup- 
ply from contamination, you can be sure 
that your diesel will be a “healthy” and 
husky worker as it gets the tough jobs 
done. xz t 
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Cooling Water Treatment’ 


Use of surface active agents, Kontol and — 


SP-8, in conditioning shows interesting results 


W. F. OXFORD, JR.* 


Tam purpose of this paper is to record 
experiences encountered in the use of 
surface active agents in preventing scale 
and corrosion in the circulating cooling 
tower water of gas compressor plants. 

Large quantities of water are used 
for various cooling purposes in industry. 
This may be for cooling condensers or 
for cooling internal combustion en- 
gines. The source of cooling water may 
be (1) ground waters, (2) surface 
waters, (3) sea waters. 

In general, cooling systems may be- 
come clogged with (1) scale, (2) cor- 
rosion deposits, (3) sediment, (4) or- 
ganic growths. 

The principal scale forming material 
in cooling systems is calcium carbonate 
formed by the decomposition of calcium 
bicarbonate into calcium carbonate, car- 
bon dioxide and water, as shown in the 


; Presented at the 3lst annual convention of 
the Natural Gasoline Association of America, 
Houston, Texas, April 30, 1952. 

*sun Oil Company, Beaumont, Texas, 
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following reaction: Ca (HCO,), CaCO, ° 


+ CO, + H,0. 

The specifications for cooling water 
vary so widely for various industrial 
applications that the only general speci- 
fications that can be given are that the 
water should not form heat insulating 
scales or other clogging deposits either 
organic or inorganic, and that it should 
not be unduly corrosive under the par- 
ticular conditions of use or re-use. 
There are three general classifications 
on the basis of conditions of use as fol- 
lows: (1) Once-through-and -to- waste 
system, (2) once-through-and-then-used- 
for-other-purposes in cooling systems, 
(3) re-circulated cooling system. 


Cooling Water Treatment 


Cooling water treatment is rather 
well known to the art and much infor- 
mation concerning proposed treatments 
is available in the literature. In gen- 
eral. however. conventional cooling 
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water treatment may be effected by one 
or more of the following processes: (1) 
Acid process, (2) cold lime process, 
(3) zeolite process, (4) lime-zeolite 
process, (5) coagulation followed by 
settling or filtration, (6) iron and man- 
ganese removal, (7) aeration, (8) chlor- 
ination and copper sulfate treatment, 
(9) polyphosphate treatment. 

The above processes are not discussed 
in detail inasmuch as they are well 
known to the art of water treating.* 

It was found that a mixture of high 
molecular weight substituted glyoxali- 
dines as described in U. S. Patent Re 
23,227? and acylated amino alcohols of 
the type described in U. S. Patent 2.- 
589,195* is very effective in controlling 
scale and corrosion in cooling tower 
water. 

A more complete description of the 
compounds in U. S. Patent Re 23,227,? 
entitled “Process for Preventing Corro- 
sion and Corrosion Inhibitor,” re-issued 
May 9, 1950, is related as high mole- 
cular weight semi- polar heterocyclic 
compounds and which consist largely of 
substituted glyoxalidines or mixtures of 
substituted glyoxalidines containing a 
rather large hydrocarbon radical. 

U. S. Patent Re 23,227 is marketed 
as a proprietary compound known as 
Kontol. 

The subject matter of U. S. Patent 
2,589,195, entitled “Process for Inhibit- 
ing Scale Deposition,” issued March 
11, 1952, is acylated amino alcohols in 
which the acyl group is derived from 
detergent forming acids and more gen- 
erally described as a mixture of fatty 
acids and hydroxy alkyl amines. U. S. 
Patent 2,589,195 is marketed as a pro- 
prietary compound known as SP-8. 

When the above described compounds 
are mixed together they exert a syner- 
gistic action, that is, neither material 
when used alone will provide complete 
control of scale and corrosion in cooling 
water systems. 

The following laboratory data are 
offered : 








January 15, 1952 
SERIES 1: KONTOL 120 IN TAP WATER 
ADJUSTED TO pH 8.2 


Concentration, Penetration 
ppm Rate, MPY 

0 ‘ 25.8 

10 21.4 

20 18.8 

50 15.2 

80 11.8 

160 9.2 





SERIES 2: SP-8 IN TAP WATER ADJUSTED 
TO pH 8.2 


Concentration, Penetration 


ppm Rate, MPY 
0 25.8 
50 47.0 
100 5.8 
200 2.0 








SERIES 3: KONTOL 120 AND SP-8 
IN TAP WATER, pH 7.0 
Concentration, Penetration 
(of each), ppm Rate, MPY 
0 42.2 


12.5 43.8 
40 10.0 





SERIES 4: KONTOL 116 IN TAP WATER, 
pH 8.2 





Concentration, Penetration 
ppm Rate, MPY 

0 25.8 

12.5 14.0 

25 3.8 

50 0.5 
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FIG. 2. Gas after cooler—return water plates in plant ‘‘A”’ 
showing scale and corrosion deposits created during 





phosphate-chromate-sulphuric acid feed treatment. 





SERIES 5: KONTOL 116 AND SP-8, 
TAP WATER, pH 8.2 
Concentration of 





Penetration 


each, ppm Rate, MPY 
0 25.8 
26 1.8 
50 1.1 
100 0.8 
200 0.4 








SERIES 6: KONTOL 116 IN TAP WATER 
AT 120F 


Concentration, Penetration 
ppm Rate, MPY 

0 82.5 

17 24.4 

88 22.2 

160 0.4 








It is observed in Series 1 and in Series 
2 at 50 ppm concentration, corrosion 
rates in Kontol 120 alone are to the or- 
der of 15.2 MPY and in SP-8 alone 
at 50 ppm concentration, 47.0 MPY. 
Series 3 at 40 ppm each Kontol and 
SP-8 mixture provides a lesser corro- 
sion rate at a smaller concentration than 
50 ppm. Tt will also be noticed in Series 
5 that Kontol 116 and SP-8 at 50 ppm 
concentration each presents MPY value 
of 1.1. The only difference between 
Kontol 116 and Kontol 120 is the degree 
of water solubility. 

Earlier data obtained may best be 
presented by means of accompanying 
graph. Fig. 1, Curve 1, represents the 
weight loss curve of soft iron in circu- 
lating aerated tap water. Curve 3 rep- 
resents the weight loss curve in tap 
water containing 1:75000 Kontol 120 
and 1:75000 SP-8. Note that these 
curves are very close together, showing 
that within the limitations of the labora- 
tory test the Kontol 120 and SP-8 had 
negligible effect on the corrosion rate. 
However, when the test strips are pre- 
treated with a more concentrated solu- 
tion of the two chemicals (about 1:1000 
for 5 days), Curve 2 is obtained in tap 
water, showing a very low weight loss 
and fairly constant slope for about 12 
days. In Curve 4 the pre-treated test 
strips are in the 1:75000 concentration 
of Kontol 120 and SP-8. 

As aforementioned the principal prob- 
lem in treating cooling tower water is 
the prevention of heat insulating scale 
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and corrosion of tne metal piping in- 
volved in a cooling tower water system. 
A secondary requirement is the preven- 
tion of delignification of the wood cool- 
ing tower. It is believed that SP-8 and 
Kontol are also effective in controlling 
cooling tower delignification. 

‘The proposed explanation of the be- 
havior of SP-8 and Kontol in regard to 
wood delignification is as follows: Lig- 
nin portion of wood contains a multi- 
plicity of carboxyl groups and these 
anionic groups would tend to react with 
SP-8 and form a surface molecule. They 
might also be expected to react to a 
considerable extent with” Kontol com- 
pounds and in both cases would thereby 
yield a surface of hydrocarbon groups 
which would interfere with the attack 
of alkaline solutions on the lignin.‘ 

One of the primary reasons that this 
treatment is especially effective over 
and above the conventional treatments 
is indicated by the cost data below: For 
instance, Plant “A,” using conventional 
chemical treatment: 





Amount Cost 

Chemical 16 2/3 Ib/day $2.66 
Hexametaphosphate 8 lb/day 1.20 
Sodium Chromate 66 2/3 ib/day 1.00 
Sulfuric Acid 18 lb /day/week 0.25 

Chlorine Gas - 
Total Cost $5.11 

Day 


Treating costs were to the order of 
$5.11 per day and there is evidence sup- 
ported by photographs that this system, 
polyphosphate, chromate, sulfuric acid 
feed. was not entirely satisfactory inas- 
much as corrosion was prevalent, as 
shown in Figs. 2 and 3. By utilizing a 
mixture of Kontol and SP-8 for both 
scale and corrosion control, it was 
found that treating costs might be re- 
duced to $0.3744 per day. The con- 
centration of SP-8 and Kontol used 
ranged from 1 to 1000 (1000 ppm) to 
1 to 75,000 (13 ppm). The material was 
an effective corrosion inhibitor in all of 
these ranges, and the following are the 
results of a two-week coupon exposure 
in the cooling tower water system of 
Plant “A.” The coupon showed no pit- 
ting and the following data are re- 
ported : 





FIG. 3. Gas after cooler—return water plates 
in plant “A.” Pitting attack present under scale. 


Exposure period 14 days 
Weight loss, gms 0.09 
Weight loss, gms/year 2.34 
Penetration, IPY 0.0018 


It is of interest also to supply a water 
analysis of the make-up water and the 
circulating cooling tower water. 


Original Cooling Tower 
water water 


PPM Constituent PPM 
879 Sodium 3031 
65 Calcium 24 
30 Magnesium 94 
0 Sulfates 0 
1200 Chlorides 4210 
0 Carbonates 203 
615 Bicarbonates 930 
14.4 Silica 52 
0 Iron and Aluminum 0 
Oxides 


It should be noted that the water is 
concentrated approximately 314 times. 
Relative calcium and magnesium con- 
tents in the water should be about 260 
ppm calcium and 120 ppm magnesium. 
Actually the values are 24 ppm calcium 
and 94 ppm magnesium. This indicates 
that a substantial amount of calcium 
and magnesium carbonate is being pre- 
cipitated. Apparently the deposits are 


remaining dispersed in the water and- 


being discharged by tower blow down 
and practically no scaling was present 
in the system. 

As with all shell and tube heat ex- 
changer operations, some probing will 
be necessary. For instance, when a piece 
of scale or foreign material flakes off, 
it is deposited on the inlet side of the 
heat exchanger tubes, thus decreasing 
water velocity. According to some au- 
thorities scale is formed directly on the 
surface of this confining equipment, 
particularly if the latter is hot, while 
other authorities are of the opinion that 
insoluble salts separate at varying dis- 
tances from the surface and adhere 
upon contact. The author is more in- 
clined to agree with the latter theory, 
as it more nearly expresses the effect of 
SP-8-Kontol treatment in preventing the 
adherence of scale forming solids io 
confining surfaces. If and when a 
“sludge” does develop as a result of de- 
creased water velocity, causing the in- 
soluble salts to precipitate, the sludge 
thus formed is loose and soft in charac- 
ter and can be washed out rather than 


THE PETROLEUM ENGINEER, Reference Annual, 1952 














FIG. 4. Jacket water cooler in plant ‘‘A’’ showing 
descaling after initiating SP-8-Kontol treatment 


FIG. 6. Return water end of gas after cooler in plant ‘‘A"’ 
after 22 months’ operation utilizing SP-8-Kontol treatment. 


bored out. The SP-8-Kontol treatment 
has been used satisfactorily in the cool- 
ing tower water: system of three com- 
pressor plants. Two of the plants util- 
ized conventional shell and tube heat 
exchangers and the third used open 
type atmospheric sections of the cooling 
tower. 

The material was field tested in an 
effort to mitigate corrosion in a gaso- 
line plant cooling tower water system 
in West Texas. The Kontol-SP-8 treat- 
ment provided protection only under 
certain conditions, and apparently was 
not satisfactory under the conditions in 
which it was used, and therefore, its 
use was discontinued in this plant. Al- 
though it was at first thought that this 
failure might be due to excess sulfate 
lon in the water, control tests show that 
sulfate ion has no effect on the protec- 
tion offered by these compounds and 


that the conclusion at present is that 
something extraordinary is present in 
the cooling tower water such as natur- 
ally occurring organic compounds or 
trace ions are promoting a pitting type 
attack. It is also believed that perhaps 
an insufficient amount of the SP-8-Kon- 
tol mixture was present. It has been 
found by laboratory tests that an in- 
sufficient amount of polar type organic 
inhibitor does induce severe pitting 
attack. 

In all cases the water is recirculated 
and is concentrated 314 to 5 times. 

Figs. 4, 5, 6, 7, 8, 9, and 10 record 
the results of heat exchanger inspec- 
tions in Plants “A,” “B,” and “C.” 

Other than the economic value, this 
type treatment has a further advantage 
in that no daily chemical testing of the 
water is necessary, thus releasing an op- 
erator for more important jobs. An addi- 
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FIG. 5. Gas after cooler— inlet and outlet side 
plant ‘‘A”’ after one year’s use of SP-8-Kontol treatment. 


FIG. 7. Jacket water cooler plant ‘‘A’’ after 
18 months’ operation. Note absence of tubercles. 


tional advantage is presented inasmuch 
as the tower blow down water contains 
no poisonous matters, and the disposal 
of poisonous waste waters containing 
chromates is always a problem. 

Theory of operation of SP-8-Kontol 
treatment at present can only be sur- 
mised. A rationale for the mechanism 
of the use of Kontol in preventing cor- 
rosion is presented: 

It is believed that the Kontol corro- 
sion inhibitors function by forming a 
tightly adherent adsorbed film on meta! 
surfaces, a film that is perhaps only one 
molecule thick or at most only a few 
molecules thick. The forces responsible 
for the adsorption of the molecule on 
the metal surface are not well undér- 
stood but are probably a combination 
of van der Waals forces and those forces 
responsible for chemical union such as 
electron-pair bonds. Indications are that 
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FIG. 8. Engine jacket water cooler plant 
“A"’ after 22 months’ operation. 


the hydrocarbon portion of the molecule 
is oriented outward and these hydrocar- 
bon radicals are probably sufficiently 
closely packed to create a barrier to 
migration of molecules of corroding 
agent through the film.® 

The action of SP-8 in scale preven- 
tion at present can only be surmised. It 
is assumed that scales do not grow on 
metal surfaces in smooth sheets, but 
rather from centers of activity. The sur- 
face activity of the SP-8 is sufficient to 
enter the cracks and crevices in the 
scale and dislodge the scale by spalling 
from the metal surface. It then ap- 
pears to preferientally coat the metal 
surface with a film of SP-8. A good 
explanation of the surface activity in- 
volved would necessitate an extensive 
excursion into a rather complicated phy- 
sical chemistry that would require much 
more of a discussion. 

It is believed, admittedly based on 
insufficient evidence, that the SP-8 prob- 
ably functions by interfering with the 
growth of crystals of calcium carbonate 
and/or sulfate that normally form an 
adherent scale. The SP-8 compound 


FIG. 9. Jacket water cooler plant 
““B” after six months’ operation. 


forms a high molecular weight cation, 
to the extent that it is ionized, which 
might be attracted to the carbonate or 
sulfate ion in the surface of a micro- 
crystal. As this organic ion would be 
very large compared to the normal cal- 
cium ion occurring in the crystal, it 
would thus create an irregularity in the 
surface of the crystal and greatly hinder 
its growth to a larger size. This organic 
radical would also probably offer much 
less chance for adhesion to metal sur- 
faces and would thus decrease the ten- 
dency for the microcrystal to form an 
adherent precipitate. Further, its small 
size would favor its being carried along 
in the circulating water system. 

There is no ready explanation or ra- 
tionale to cover the synergistic effect 
observed between Kontol and SP-8 in 
lowering corrosion. It might be sup- 
posed that if the SP-8 compounds have 
a strong tendency to combine with 
anions, as pictured its doing when it ad- 
sorbs on a microcrystal of carbonate, it 
might combine with hydroxyl ions to 
form a high molecular weight amine at 
or near the cathodic areas of the cor- 


FIG. 10. Atmospheric cooling sections in plant ‘‘C’’ after one year's operation. 


rosion cell where the hydroxyl ion con- 
centration is high. This free amine 
might be relatively insoluble in high 
alkalinities and might thus tend to 
blanket and interfere with the behavior 
of the cathode. This effect, combined 
with a pictured general adsorption of 
Kontol, might cooperate to give a low 
rate of corrosion.® 

The data thus presented and the iest- 
ing results are still considered by the 
author as being in the pilot plant stage. 
Out of four plant runs one plant gave 
results that while showing some im- 
provement, would not be considered 
commercially satisfactory. Certainly 
these results do not affect in any way 
the value and usefulness of the pro- 
posed method. This means that the 
theory and suggested operational tech- 
nique of the use of surface active agents 
in scale and corrosion control in cooling 
tower water could be refined and im- 
proved. The author is fully aware that 
further studies are required in this field 
and it is hoped that this report will 
stimulate additional activity in the 
search of the presently available surface 
active agents and their use in scale and 
corrosion control. 
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Shell Extractive Distillation Process 
for Recovery of High-Purity Aromatics’ 


Production of nitration-grade benzene and toluene involves 
the separation of essentially a chemically-pure product 


C. L. DUNN* and G. E. LIEDHOLM* 








W ori War II provoked intensive ex- 
pansion of the toluene productive capac- TABLE 1. Extractive distillation units for aromatics recovery. 
ity of the United States. In the year 





1940 the country’s toluene production Now Operating ad eames men 

was 30,500,000 gal per year derived 1. Continental Oil Company...... Seemieauiet ann Sines Ponca City, Oklahoma Benzene, toluene 

mainly from coal-tar sources. In the year [ee a Toluene 

1945, which saw the war draw to a close, 4. Shell Oil Company ERE INAT RAT EINES: Wilmi California Benzene, toluene, and xylenes 
. * : . She Ne laren enicana uae iver, Illinois oluene, xylenes 

the toluene production had increased to 6. Standard Oil Company (indiana)...”..|........ Whiting, Indiana Benzene 

202,000,000 gal per year,? with almost — 2. Under Construction 

all of the additional amount coming . ithe Se Freowning | TON Shreveport Louisiana Beusene , 

from petroleum sources. Fifteen plants $. Standard Oil Connpany of Calthoraia.. 222.20..." Filiegunde, Galeria Bene ee 








were completed, of which eleven used 


Shell extractive distillation; this repre- TABLE 2. Specifications for nitration-grade aromatics. 
sented about half of the total toluene 































































































capacity. The first commercial extrac- i wt e ase? 
tive distillation plant for aromatics re- —specitic gravity, 15.56/15.56.... 0.8820 to 0.8860 0.8690 to 0.8730 0.8650 to 08700 
covery was placed in operation in 1940 Distillation range: initial to dry, deg C..........1.0, including 80.1 1.0, including 110.64-0.1 3.0, including 139.3% 
at Shell Oil Company’s Houston refin- Sura percent by we (natimut) <<< 25 i IS 15 per en 4.0 per eat 
ery. cid-wash color (maximum)................... 

The history of expansion in toluene gift) 0000000000000 No HS or SO: mee fons 
is now being repeated with another Copper corrosion.............++.+........... No coloration Same Same 
aromatic, viz., benzene. In 1949 the pro- NN sis 5454 does aka socmccauieatwnuatGecute Ne row ten 3 ppm a ii 
duction of chemical-grade plus motor- : —— : ; ~~ 
fuel-grade benzene totaled 156,000,000 2 cece ae Le maa end Die Corp, ani otlen spesllyo mitehaum of 62. 
gal almost entirely from coal-tar 3 Minimum initial boiling point, 137.2 C; maximum dry point, 140.5 C. 
sources. In 1951 the supply of all grades = 
of benzene was estimated to be 250,000,- 
000 gal,* of which about 175,000,000 gal 
were derived from coke-oven light oil 81.0 
= 25,000,000 gal from penne with 0} 1% Tohuene, 
whereas 50,000,000 gal were imported. ; or 110% MGH \y 
The National ate pects has 80.5 Solid eurve Sr 79. Th Bondeve 180.5 
certified additional capacity for 133,- iv 
000,000 gal annually.® on Od 

Three recovery processes are being 7 wl po 
employed in this current aromatics ex- ' 
pansion program: 1, extractive distilla- — = 
tion; 2, liquid-liquid extraction using » re 
diethylene glycol-water solvent; and, 3, © poe paterae wy 
silica-gel adsorption. QO 79.04 

The first benzene recovered on a com- . ! 
mercial scale from petroleum by extrac- rd ' 
tive distillation was from Shell’s Wil- 2 78.5% 
mington refinery early in 1947, where < ' jen 
the toluene facilities there were con- Woe olf! ee 
verted without mechanical change of -_ = | ciel —. ae 
any kind to production of the next lower a oe | 
aromatic. Three other toluene extractive 77.5 en 111.5 
distillation plants have been converted en With 0. 1fe Xylepe or , 
arena pe Magn — 102.4 a" curvd for 99} 9% Tajuene 1, 0% 125°C |B. P. ron-arom™,/ _— 

ompany’s nt at Ponca City, . 7 

Oklahoma; halg ot Bos Refining ae 
me poh —_ 2 be ont Texas; — * ee 
and the plant of Standard Oil Company “> 
(Indiana) at Whiting, Indiana. Besides ats thes teens an 
these, three extractive distillation plants 110, a wa 


tPresented to a session on recovery of T BY ISTILLED 
aromatics during the 17th mid-year meeting of en ae a a oe 


the American Petroleum Institute’s Division of a eed 
Refining, in the St. Francis Hotel, San Fran- FIG. 1. ASTM distillation. 
cisco, California, May 14, 1952. 


*Shell Development Company, Emeryville, 
California, 
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for benzene recovery are known to be 
under construction, viz.: Atlas Process- 
ing Company, Shreveport, Louisiana; 
Standard Oil Company of California, 
El Segundo, California; and Shell Oil 
Company, Houston, Texas. A list of 
aromatics extractive distillation plants 
is given in Table 1. 


This Problem of Purity 


The quantity production of nitration- 
grade aromatics from petroleum sources 
during and since World War II as- 
sumes special significance when one con- 
siders the high purity which “nitration- 
grade” implies. The production of ben- 
zene and toluene involves the separation 
of essentially a chemically-pure sub- 
stance from sources that at times con- 
tain only a few per cent of the aromatic 
admixed with a wide range of other 
hydrocarbons, some of which exhibit 
the same volatility as the aromatic. 

High-purity, or nitration-grade, aro- 
matics are most commonly produced to 
conform to the ASTM specifications 
summarized in Table 2. A detailed 
examination of a few of the most perti- 
nent specification tests is necessary in 
order to obtain a clear idea of the prob- 
lems involved in producing aromatics 
which conform to them. 

The distillation range of 1.0 C, initial 
to dry, specified for benzene and toluene 
must be considered in the light of the 
fact that 99.9+- per cent benzene or 
toluene has a range of 0.4 C according 
to the standard procedure and that, with 
less pure samples, the observed initial 
points and dry points are not repro- 
ducible to better than +0.1 C. Thus the 
safe tolerance for impurities is consid- 
erably less than one might at first sur- 
mise. The extent to which the distilla- 
tion curve for 99.9 per cent benzene, or 
toluene, is shifted by the addition of a 
few known impurities is shown in Fig. 1. 
Thus the presence of only 0.1 per cent 
of the next higher aromatic is alone 
sufficient to bring the boiling range to 
the specification limit. About 1 per cent 
of a naphthene such as methylcyclo- 
hexane in benzene can just be tolerated, 
whereas saturation with water will cause 
the maximum boiling-range specifica- 
tion to be exceeded. The initial boiling 
point of benzene may be lowered as 
much as 2.3 C by the amount of water 
corresponding to saturation at room 
temperature. 

The acid-wash test is perhaps the 
most sensitive of the specification tests; 
it detects small traces of certain types 
of unsaturated hydrocarbons. For exam- 
ple, as little as 0.002 per cent cyclopen- 
tadiene, 0.01 per cent methylpentadiene, 
or 0.1 per cent cyclohexene can be toler- 
ated for an acid-wash color specification 
of 2 (Table 3). It is particularly signi- 
ficant that these types of compounds are 
the most difficult hydrocarbons to separ- 
ate from the aromatics by the more 
common physical separation techniques ; 
e.g., adsorption, extraction, and ex- 
tractive distillation. 

A maximum of 1.0 per cent impurity 
is allowed in benzene by the freezing 
point specification of 5.0 C minimum 

(Fig. 2). In the case of toluene, the 
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TABLE 3. Unsaturates content in 
benzene for acid-wash Color 2. 





Per cent 
by volume 
Cyclopentadiene(dicyclopentadiene)....... .. 0.002 
2-Methyl-1, 3-pentadiene..................... 0.01 
SNe ie eee rn 0.1 
2,4A-Trimethyl-2-pentene.................... 2.0 
I oe eo tines ts déne Wend semsascoiun 3.0 








ASTM specification for saturates allows 
1.5 per cent maximum, whereas the U. 
S. Army specification allows only 1.0 
per cent. 

In summary, one finds that, in order 
to meet all specifications for nitration- 
grade benzene or toluene, the product 
must certainly be of 99.0 per cent purity, 
with less than 0.1 per cent of a second 
aromatic constituent. To allow for slight 
variations in feed compositions and 
plant control, a commercial plant must 
be designed for 99.5 per cent purity. 


The Process 


The requirement of high purity, when 
coupled with the stipulation of high re- 
covery from dilute sources, places a 
premium on process control. The purity 
requirement imposes a necessity for 
long periods of on-stream operation, as 
little opportunity exists for blending off- 
specification products. The Shell extrac- 





tive distillation process was develo ed 
with these factors in mind. 

The process has been described i:. de. 
tail in earlier publications.®7 It con-ists 
of 3 steps: 1, prefractionation of the 
petroleum stock in 1 or 2 column; to 
prepare a concentrate fraction which 
contains a single aromatic (benvene. 
toluene, xylenes, etc.) ; 2, distillatic.2 of 
the fraction in the presence of a hivhier- 
boiling solvent such as phenol, followed 
by stripping of the aromatic from the 
solvent, and, 3, a mild treating step, 
usually required only in order to pass 
the stringent acid-wash color test. 

Fig. 3 is a simplified flow diagram of 
a plant to recover a single aromatic such 
as benzene from catalytic reformate. De- 
pentanized naphtha—for example, from 
a platforming unit—is charged to the 
prefractionation column (usually 65 
trays) to reject those constituents that 
cannot be separated efficiently from the 
aromatic in the extractive distillation 
step. The exact conditions to be chosen 
depend upon the feed stock—keeping in 
mind that a proper balance of load 
should be maintained between this and 
the extractive step. 

The aromatic concentrate is charged 
at a mid-point in the extraction column 
(60 to 70 trays), and hydrocarbon-free 
solvent is introduced a number of plates 
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TABLE 4. Effect of temperature on 
corrosion of steel by phenol. . 


Conditions: Polished low-carbon steel 
strip, 0.25 in. by 2 in.; immersed in 10 g 
of phenol dehydrated by distillation, in 
evacuated and sealed glass tube; stag- 
nant for 24 hours. 





Temperature, Corrosion rate 
(deg C) (mils per year) 
175 1 
260 16 
310 30 
340 46 








TABLE 5. Corrosion of different 
alloys by phenol. 


Conditions: Polished metal strip, 0.25 
in. by 2 in.; immersed in 10 g of phenol; 
sample dehydrated by distillation, in 
evacuated and sealed glass tube; stag- 
nant for 24 hours. 








Corrosion rate 
(from weight loss) 
Used 
Pure _ plant 
phenol phenol 
Alloy (mils per year) 
1, Low-carbon steel (0.06 per centcarbon) 30 43 
2. 12-chromium steel (type 416)........ 2 10 
3, 18-8 stainless steel (type 304)........ 0 0 
4. 18-8 and molybdenum stainless steel 
I aie cedcsscenvevccees 0 1 
5. Durimet stainless steel (cast)........ 1 0 
6, 24-20 stainless steel (type 310)....... 1 0 
7. Nickel vag ly "eae o 31 
ern 2200 anti 








above. The upper section above the sol- 
vent port is provided to “knock back” 
solvent so that essentially aromatic-free 
and solvent-free rafinate is removed as 
top product. The lower section of the 
column serves to recover the aromatic, 
which is separated from the solvent in 
the subsequent stripping column (30 
trays). 

A small solvent cleanup still (single- 
stage) is provided to reject continuously 
very small amounts of high-boiling re- 
action products of phenol and diolefins, 
as well as phenol and iron which other- 
wise would accumulate in the circulat- 
ing solvent. The effect is minor when 
oxygen is excluded from the system by 
gas-blanketing accumulators and run- 
down tanks which handle streams which 
reach the extraction system. Phenol re- 
action products amount to less than 1 

bl per week in a plant which recovers 
1000 bbl per day of aromatic from de- 
hydrogenation product. 

It has been found by experience that 
corrosion of carbon steel by phenol at 
temperatures below 170 C is negligible. 

ll equipment in phenol service—in- 
cluding lines, columns, trays, and bub- 
ble caps—can be of carbon steel except 
the valve trim and the reboiler tubes 
and tube sheets in the extraction and 
stripping columns, which are normally 
fabricated of type 316 stainless steel. 
The two hot solvent pumps are con- 
structed of a special Fe-Cr-Ni alloy (e.g., 
Worthite). Tables 4 and and 5 list cor- 
tosion rates for common metals in hot 
phenol service.® 

Table 6 is a material balance for re- 
covery of benzene from a depentanized 
catalytic reformate which contains 46 
per cent benzene. The recovery of nitra- 
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TABLE 6. Material balance (solvent-free basis). 
Nitration-Grade Benzene from Depentanized Catalytically Reformed Cs Naphtha 








Feed Top Product Bottom Product ; 
(Barrels (Percent by (Barrels (Percentby (Barrels (Percent by 

per stream volumeof perstream volumeo  perstream volume of 

day) benzene) y benzene) day) benzene) 
Benzene concentration.................. 2214 45.9 2004 50.5 210 2.0 
Extractive distillation................... 2004 50.5 994 1.0 1010 99.2 
ooo ciao vewwnacenceieas 1010 99.2 1010 99.2 ee ee 
| Seen 1010 99.2 1000 99.5 10 aha 





* After acid treatment and caustic wash. 


Note: Recovery of nitration-grade benzene =98.4 per cent. 








tion-grade benzene is 98.4 per cent. 
Utility and chemical requirements are 
listed in Table 7. 


Why It Works 


Extractive distillation depends upon 
the enhancement of vapor pressures in 
non-ideal solutions. When a_ dissimilar 
third component is added to a relatively 
narrow-boiling mixture of two different 
kinds of components, the vapor pressure 
of one is increased relative to that of the 
other, thus permitting separation by dis- 
tillation. The effectiveness of phenol in 
aiding the separation of aromatics from 
close-boiling non-aromatics is illustrated 
by the data in Table 8. From these data 
it is apparent that, if one is careful to 
exclude the bulk of the higher-boiling 
non-aromatics in the prefractionation 
step, the close-boiling paraffins, naph- 
thenes, and olefins, including cycloole- 
fins, can be rejected to the overhead 
raffinate. This has been illustrated in a 
practical manner by the successful ap- 
plication of the process during the war 
for the recovery of toluene from: 1, 
straight-run naphthas; 2, the product 
from naphthene dehydrogenation at 750 
psig over tungsten-nickel-sulfide cata- 
lyst; 3, hydroformates; 4, thermally re- 
formed and cracked fractions; and, 5, 








TABLE 7. Labor, chemical, and 
utility requirements. 


For nitration-grade benzene from depentanized catalytically 
reformed Cs naphtha (1000 bbl per stream day of bensene) 





Per barrel! 
of benzene 
Chemicals 
Phenol, ES goereesecessesees 0.2 
98-per-cen! ee 8 re re 3 
Re eeaieaers Less than_1 
Utilities 
Fam meng . “ie erage Hy as ont 1 
coo. water to , gal... 
Electric power, kwh.................. : os 3.3 
Operating labor (direct cost), cents........... 14 
Maintenance labor and materials, cents. ..... . . 10 








cracked gasolines from the true vapor- 
phase process. A mild pretreatment with 
sulfuric acid or clay in case (4), and 
with phosphoric acid in case (5), is de- 
sirable to remove part of the diolefins. 
The requirement for prefractionation 
becomes more and more important as 
olefinicity increases for progressive in- 
crease in the number of double bonds 
makes the molecule behave more and 
more like an aromatic in degree of de- 
parture from ideality. This complication 
holds for all the common physica! sepa- 
ration processes, viz.: adsorption, ex- 
traction, and extractive distillation. 
The relative volatilities given in Table 
8 show that a relatively large number of 








TABLE 8. Relative volatilities for 50-50 molal mixtures of each hydrocarbon 


with benzene at 120 C. 




















(Volatilities Relative to Benzene) 
“ Volatility relative to benzene, a 
boiling point With 50 Mol 
Component (Deg C) Solvent-free per cent phenol 
oc thwice doped sae eeoe Rene sadn conewaw seh ann® 68.74 1.28 2.33 
OO Ce eee Or 91.95 0.72 1.37 
So nataiccaawuytaeesaaanbewerhan en ren eee sie meals 98.43 0.62 1.17 
SN gira vanintrais 04.0960 449 cenisia eb densa es aenawen-enes 80.74 0.97 1.59 
Transi, S-dimethyloyclopentanc..........ccscscccccccccccccecs 92.34 0.77 1.32 
IR a o6 5c6: 60:00 05605 gbeinsacesensacseues o 100.93 0.60 1.00 
Se ieenadakn bensadui«Atesanuiweesumeensoewaneee- ate 63.49 1.53 3:3 
ee ry ore re err 82.98 0.92 1.3 
TABLE 9. Treating requirements. 
Nitration- 
aromatic Source Treating requirements Properties 
Benzene Natural gasoline Caustic and water wash ” Specific gravity (15.56/15.56 C).... 0.8842 
distillation not required Distillation range, deg C.......... 79.8 to 80.6 
Solidifying point, deg C........... 5.25 
AGA-WAGR COMP.... ccccccccccece 0.5 
Toluene Naphthene dehydrogenation 0.01 lb maleic anhydride per Specific gravity (15.56/15.56 C).... 0.8702 
barrel of toluene, followed Distillation range, deg C.......... 110.6 to 111.2 
by caustic and water wash Acid-wash color.................. 1.5 
(redistillation not required) Paraffin hydrocarbon, per cent by vol. 0.5 
Xylenes Naphthene dehydrogenation 0.07 lb maleic anhydride per Specific gravity (15.56/15.56 C).... 0. 8686 
barrel of xylene, followed Distillation range, deg C.......... 138.8 to 140.5 
by caustic and water wash Acid-wash color.................. 3.5 
(redistillation not required) Paraffinhydrocarbons, percentby vol. 1.0 
Toluene Hydroforming 4 lb H2SO, (98-per-cent) per Specific gravity (15.56/15.56 C).... 0.8719 
barrel of toluene, followed Distillation range, deg C.......... 110.4 to 110.8 
by caustic and water ROUEWERR COME... ..5.0000s0ccccees 1 
and redistillation Paraffin hydrocarbons, percent by vol. 0.4 
Tolue: Thermally cracked naphtha 20 lb H2SQx (98-per-cent) per Specific gravity (15.56/15.56 C).... 0.8713 
” ’ barrel of toluene, followed Distillation range, deg C.......... 110.3 to 110.7 


by caustic and water wash Acid-wash color 
and redistillation 


2 
Paraffinhydrocarbons, percent by vol. 0.8 
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FIG. 4. Shell aromatics recovery process—nitration-grade 
benzene and aromatics blending stock. 
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stages is required to attain high purit 

and high recovery. However, the excel- 
lent efficiency and capacity of vapor- 
liquid contacting devices make it pos- 
sible to achieve these ends.at reasonably 
low cost. 


What Kind of Treating 


The type and severity of treatment to 
be given the aromatic recovered by ex- 
tractive distillation depend upon the 
source material (Table 9). It is interest- 
ing that benzene recovered from natural 
gasoline requires only caustic and water 
wash to remove small traces of phenol, 
and that subsequent drying, but no re- 
distillation, is required to meet all the 
nitration specifications. Nitration-grade 
specifications: for toluene and xylenes 
recovered by extractive distillation from 
naphthene-dehydrogenation concentrate 
may be attained by a relatively simple 
treatment with maleic anhydride fol- 
lowed by caustic and water wash. Again, 
redistillation is not required. Treating 
losses are insignificant in these cases. 
As olefinicity of the concentrate in- 
creases, it becomes necessary to resort 
to mild sulfuric-acid treatment followed 
by caustic neutralization, water wash, 
and subsequent distillation to separate 
polymers. Four pounds of 98-per-cent 
sulfuric acid per barrel were found to 
be sufficient for most toluene recovered 
from hydroformates. In the case of 
thermally cracked and thermally re- 
formed naphthas, acid requirements in- 
crease (up to 20 lb of 98-per-cent sul- 
furic acid per barrel of aromatic), and 
losses become correspondingly greater. 


Can More Than One Aromatic 
Be Recovered? 


The extractive distillation process can 
be used for recovery of benzene, toluene, 
or xylenes. One Shell plant, designed 
expressly for recovering toluene from 
dehydrogenated straight-run naphthas, 
periodically changes from benzene to 
toluene to mixed xylenes, depending 
upon the marketing requirements of the 
company. This plant has used mixed 
cresylic acids (200 to 220 C) as solvent 
for all 3 aromatics. This solvent has a 
boiling point sufficiently high to be 
used for xylene recovery; however, it is 
not quite so selective as phenol which is 
recommended for both benzene and 
toluene recovery. 

Because of the stringent requirements 
for purity, it is recommended that sepa- 
rate distillation columns be installed for 
each aromatic desired in nitration-grade 
quality. In the case of smaller-capacity 
units, the concentrates may be processed 
in blocked-out operation through a sin- 
gle extractive distillation section. How- 
ever, it is possible rather simply to pro- 
duce a single nitration-quality aromatic 
while an aromatic-rich concentrate is 
being made when the feed has a high 
concentration of aromatics. Fig. 4 is a 
simplified flow sheet which illustrates 
the recovery of nitration-grade benzene 
from the stabilized product of Platform- 
ing a 60 to 110-C (140-to 230-F) East 
Texas-West Texas naphtha, while simul- 
taneously an aromatic-rich concentrate 
is recovered for use as a blending com- 
ponent in aviation gasoline (material 
balance, Table 10). By the addition of a 








TABLE 10. Material balance (solvent-free basis). 


Nitration-grade benzene and aromatic aviation blending stock from depentanized naphtha from platformi 
East Texas-West Texas Co-C; fraction stig 





Feed 


Top product Bottom product 





Barrels Per cent 

per Per cent by volume 

stream by volume of higher 

day  ofbenzene aromatics 

Benzene concentration 
Extractive 


Barrels 
per oc 
— by volume of higher 


Percent Barrels 


Per cent 
Per cent by volume per 


Per cent by volume 
e stream by volume of higher 
y  ofbenzene aromatics day of benzene aromatics 


9000 14.2 4 r 4554 
distillation 4554 J . 3321 


Solvent stripping 9.2 q 1233 
istillation* 1233 2 4 ‘ 1221 
: 1656 


4446 


Redistilla 
Toluene concentration 





* After acid treatment and caustic wash. 
Note: Recovery of nitration-grade benzene =95.4 per cent. 
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column to reject non-aromatics, whic 

boil between benzene and toluene, it is 
possible to produce an aviation blending 
stock which contains about 97 per cent 
aromatics, with an F-3 blending octane 
number (18-per-cent blend in isopentune 
and alkylate) of 103 upon addition of 
4.6 ml TEL per gal, and an F-4 blending 
index number of 228 upon addition of 
4.6 ml TEL per gal. Attainment of these 
octane levels depends upon adjustment 
of the composition of the feed to the 
Platforming unit so as to exclude com. 
ponents which boil above toluene, and in 
the adjustment of the severity of Plat- 
forming. 


Features 


In summary, the following features of 
extractive distillation for aromatics re- 
covery may be noted: 

1. It is a process that has been proved 
by 12 years’ commercial operating ex- 
perience. Operating “bugs” have been 
removed through wide application. High 
onstream times have been realized in 
practice. Early achievement of onstream 
operation after startup can be expected. 

2. High recoveries of high-purity nitra- 
tion-grade aromatics have been demon- 
strated. The process uses well-under- 
stood techniques and well-known design 
methods. Tray efficiencies are well- 
established. 

3. The process is flexible, and can be 
used to recover several aromatics with- 
out change of facilities and with a single 
solvent. 

4. The process has been applied suc- 
cessfully to a wide range of feed mate- 
rials, including thermally cracked and 
reformed naphthas. 

5. Treating requirements and treating 
losses are minimized through selective 
removal of essentially all of the olefinic 
contaminants. 

6. The process is continuous. Control 
methods are well-established, and off- 
specification cuts are unnecessary. 

7. The equipment used in the process 
consists largely of distillation columns 
and heat exchangers which have a high 
salvage value in other refining applica- 
tions. 

8. Only minor amounts of alloy are 
required. Maintenance requirements 
have been proved to be low. 
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FIG. 1. Flow diagram of electrolytic caustic-regeneration unit. 


Electrolytic Regeneration 


of Treating Solutions’ 


ADC electrolytic regeneration process replaces 


the conventional steam plant by its overall sav- 


ings in lower maintenance and operating costs 


OLIVER J. ZANDONA* and CHARLES W. RIPPIE* 


Tue rapid trend in postwar mgtor-fuel 
octane ratings has made evident the 
need for realizing maximum value from 
tetraethyllead by improving the lead 
susceptibility of gasoline. The coming 
mobilization effort, attended by a reduc- 
tion of tetraethyllead available for 
motor-fuel blending, underscores the 
necessity for lead conservation. 

The technical literature on the sub- 
ject of lead susceptibility of gasoline has 
established the fact that gasoline quality 
is effectively deteriorated by the pres- 
ence of sulfur in the form of mercaptans. 
Any improvement in methods for remov- 
ing mercaptans from gasoline will, there- 
fore, definitely enhance lead suscepti- 
bility, and will extend the effectiveness 
of tetraethyllead.1,*.,5,6,8,10,18 

Caustic treating has long been utilized 
by refiners to obtain partial or complete 


7Presented to a session on Recovery of 
Aromatics during the 17th mid-year meeting of 
the American Petroleum Institute’s Division of 
_— San Francisco, California, May 14, 
. *Chemical engineer, Ashland Oil and Refin- 
ing Company, Ashland, Kentucky. 

iVice president, American Development Cor- 
poration, New York, New York. 


sulfur removal, depending on feed-stock 
characteristics and required product 
specifications. The process that incor- 
porates steam regeneration of spent 
caustic has been hampered by limita- 
tions in the strength of caustic that can 
be employed, the degree of caustic re- 
generation, and corrosion. 

A new electrolytic caustic regenera- 
tion process, termed the ADC process, 
offers important improvements in the 
efficiency and economy of caustic treat- 
ing. Extensive laboratory investigations 
of this new technique were originally 
conducted by American Development 
Corporation, the process owners. The 
findings indicated that the new ap- 
proach to the problem has definite com- 
mercial possibilities. 

Confirmatory pilot-plant studies were 
undertaken last year in cooperation with 
Ashland Oil and Refining Company. A 
small 300-bbl per day gasoline experi- 
mental unit was assembled and operated 
at the refinery. On the basis of the suc- 
cessful findings from that unit, a plant- 
scale unit was constructed at the Ash- 
land refinery for the electrolytic regen- 
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eration of caustic capable of processing 
8500 bbl of gasoline daily. This first com- 
mercial application of the ADC process 
incorporated design improvements aris- 
ing from the pilot-plant studies con- 
ducted. 

It is the purpose of this paper to pre 
sent an analysis of the new ADC process, 
with respect to its use, justified by the 
savings in the overall treating costs, in- 
cluding tetraethyllead for octane im- 
provement. 


Process E yuipment and Plant 
Flow 


General: The function of the mercap- 
tan extraction unit is to remove detri- 
mental sulfur-bearing materials from 
plant gasolines. The removal of the mer- 
captans improves odor, color, storage 
stability, response to lead for octane im- 
provement, and inhibitor for stability. 

The gasoline-treating operations con- 
sist of: 


1. Prewashing with caustic-soda solu- 
tion to remove hydrogen sulfide 
(H,S) : Caustics used in pre-wash- 
ing are converted to sodium-acid 
sulfide, and must be disposed of as 
foul caustic solutions. 

. Caustic-soda extraction of mercap- 
tans from the hydrogen-sulfide- 
free gasoline in countercurrent 
packed towers: Caustic used in 
mercaptan absorption is continu- 
ously regenerated and returned to 
the extracting columns. 

Fig. 1 is a flow sheet of the electro- 

lytic regeneration unit. 


Straight-run Gasoline 


Sour straight-run gasoline enters a 
two-stage mixer-settler prewash system, 
where hydrogen sulfide is removed. The 
two-stage system affords greater utiliza- 
tion of caustics previous to their dis- 
posal. First-stage caustic circulation 
usually proceeds until 95 per cent has 
been spent as_ sodium-acid sulfide 
(NaHS) where previously 70 per cent 
was considered as maximum. 

Gasoline which leaves the prewash 
system is charged into the straight-run 
gasoline absorber, 4 ft 0 in. by 27 ft 0 
in., packed with 15 ft 0 in. of 144-in. 
carbon raschig rings. Caustic at the rate 
of 20 per cent by volume of the gaso'ine 
is used in the countercurrent scrubbing 
of the sour gasoline stream. Treated 
gasoline passes from the absorber 
through a knockout drum, and thence to 
treated rundown storage. 


Cracked Gasoline 


Sour cracked gasoline is charged to 
a prewash column, 5 ft 0 in. by 19 ft 0 
in., packed with 12 ft 0 in. of 1%-in. 
carbon raschig rings. The operation is 
a batch caustic treatment, in which foul 
caustic is removed when spent to 70 per 
cent as sodium-acid sulfide (NaHS). 
Cracked gasoline passes from the pre- 
wash tower to a knockout drum before 
it is charged into the extracting column, 
5 ft 6 in. by 54 ft 0 in., packed with 18 ft 
0 in. of 1-in. carbon raschig rings. Caus- 
tic at the rate of 20 per cent by volume 
of the gasoline is used in the countercur- 
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FIG. 2. Electrolyzer plate assembly. 


rent scrubbing of the sour-gasoline 
stream. Treated gasoline passes from 
the absorber through a knockout drum, 
and thence to treated rundown storage. 
Gum inhibitor is injected into the treated 
cracked-gasoline stream. 


Caustic Regenerator 


The American Development electro- 
lyzer consists of 60 electric cells in 
series, through which the spent caustic- 
soda solution is regenerated by an ap- 
plied direct electric current. Electrodes 
are nickel-plated cast iron, 24 in. or 36 
in. square by 1 in. thick, separated by 
rubber-gasketed vulcanized-asbestos dia- 
phragms. Fig. 2 is a diagram of the 
electrolyzer plate assembly. The 2 plates 
have a 3/16-in. recess to accommodate 
the flow of caustic. A unit consists of an 
anode oxidation plate and a cathode hy- 
drogen plate, separated by an asbestos 
diaphragm. Four holes in the plates 
form headers through which caustic 
flows. Spent caustic enters the lower 
port, and flows upward and diagonally 
to the top port before it enters the anode 
outlet header. A similar set of ports is 
provided for the cathode hydrogen 
plates which permit circulation of spent 
caustic-soda solution and the release of 
hydrogen gas. When the 60 electrolyzer 
plates separated by diaphragms are 
sealed together, the holes form 4 chan- 
nels the entire length of the cell. 

The electrolyzer capacity is depend- 
ent upon mercaptan-oxidation require- 
ments and flow rates. The 24-in. and 
36-in. cells are capable of utilizing 45 
kw and 90 kw, respectively; and flow 
rates of 1700 and 3400 bbl per day are 
considered nominal. With the foregoing 
considerations, the necessary size of 
equipment can be determined. 

Spent caustic from the absorbers is 
charged into the spent-caustic storage 
tank. Spent caustic is pumped through 
-a filter and into the anode plates of the 
regenerator. A slip stream is charged 
into the cathode plates to sweep the 
plate of hydrogen gas and decrease over- 
voltage. Nascent oxygen, generated at 
the surface of the anode, oxidizes the 
sodium mercaptides to disulfides, which 
are carried out of the cell to the regen- 
erated caustic tank. The nascent oxygen 
is developed in the cell by electrolysis of 
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FIG. 3. Specific conductance of caustic-soda solutions. 


part of the water present in the caustic 
solution. Hydrogen is inert to reaction 
at the cell conditions, and is carried out 
in caustic solution to an elevated dis- 
engaging drum, where it is vented. 
Caustic is returned to the cathode inlet 
header. An overflow stream from the dis- 
engaging drum is directed to the spent- 
caustic tank. Direct current is supplied 
to the electrolyzer by means of a selen- 
ium rectifier. The rectifier design is such 
that it provides a source of direct cur- 
rent, with a means of varying the voltage 
and the amperage. The selenium-type 
rectifier lends itself well to this purpose, 
and is competitive in costs with motor- 
generator equipment. Disulfides are 
separated from the regenerated caustics 
by settling, and are periodically re- 
moved. Final traces of disulfides are re- 
moved by passing the caustic through 
naphtha in a disulfide scrubber, 3 ft 6 in. 
by 20 ft 6 in., packed with 15 ft 0 in. of 
l-in. carbon raschig rings. Naphtha is 
changed periodically when saturated 
with disulfides. The regenerated caustic 
leaving the disulfide scrubber is returned 
to the mercaptan absorbers. 


Process Reactions 


The basic reaction for the success of 
the electrolytic regeneration of caustic 
consists of the oxidation of sodium mer- 
captide to the disulfide by nascent oxy- 
gen generated by the passage of direct 


FIG. 4. Relationship of solution activity 


and temperatiure. 
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current through the plates of an electro- 
lyzer. 
Reaction: 

1. H,O—>0 -+- H2(g) 

2. 2NaSR + O—>R,S, + Na,O 

3. Na,O-+- H,O—>2Na0H 


Overall Reaction: 
2NaSR--2H,0 —>R.,S,+-2Na0OH-+ 


H2(g) 
It may be pointed out at this time that 


one of the chemical reactions related to 
the steam caustic regeneration actually 
generates sodium sulfide (NaS) by 
hydrolysis of secondary mercaptans.°?? 


Steam regeneration of secondary NaSR: 


‘, NaSC,H,-+-H,0—>C,H.SH-+. 
NaOH 

2. C,H,SH—>C,H,-+ H,S 

3. H,S+-2NaOH—>Na.S-+2H,0 


Overall Reaction: 
NaSC,H,-+-NaOH —>Na,S-+C,H, 
H,O 


2 
The foregoing reaction yields the key 
to the formation of the troublesome cor- 
rosive sodium sulfide (NaS) in the 
steam regeneration of caustics used for 
the treatment of thermal or catalytic 
cracked gasolines. 


FIG. 5. Relationship of solution 
activity and per cent NaSR in spent 
caustic solution. 
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FIG. 6. Theoretical sulfur reduction of 
spent caustic solutions. 


Effective Caustic Regeneration 


The amount of mercaptan-sulfur com- 
pounds oxidized in a sodium-hydroxide 
solution depends upon the following 
conditions: 

1. Rate of flow of spent sodium- 

hydroxide solution. 

2. Concentration of sodium-hydrox- 

ide solution. 


3. Concentration of mercaptan sul- 
fur in spent sodium hydroxide 
solution. 

4. Temperature of sodium-hydroxide 
solution. 


5. Amperage applied per square foot 
of cell area. 

6. Voltage applied per cell in the 
electrolizer. 


Fig. 3 indicates specific conductance 
of sodium hydroxide plotted against con- 
centration, in per cent by weight.?,7.12 





TABLE 1. Comparative costs of steam 
regenerative and electrolytic 
regenerative plants. 











Steam Electrolytic 
regenerator regenerator 
(Dollars (Dollars 
per 1000 per 1000 
bbl of bbl of 
gasoline gasoline 
treated) treated) 
Steam: 
w= eee steam 
and heating — $ 4.80 $0.56 
150-!b heating steam... 10.67 89 —_...-.. 
ooling water 0.80 0.05 
Electric power pumping 
and lighting —- 0.18 0.12 
Electric power regenerator _.. 1.14 
Overating utilities cost $15.90 $1.87 


150-ib steam at 65 cents per 1000 Ib 

25-lb steam at 24 cents per 1000 Ib 

Cooling water at $0.0008 per 1000 gal 
ower at $0.009 per kilowatt 








4.0 5.0 6.0 
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FIG. 7. Spent and regenerated caustic-soda tanks and pumps. 


Electrical conductivity of the solution 
depends on concentration and tempera- 
ture of the caustic-soda solution, as 
shown in Fig. 3. This curve shows that 
15 per cent sodium hydroxide has 0.35 
and 0.65 specific conductance at 65 F 
and 122 F, respectively; whereas a 10- 
per-cent solution has 0.30 and 0.56 
specific conductance at the foregoing 
temperatures. The higher specific con- 
ductance values mean lower resistance 
and voltage of the solution and, hence, 
higher amperage. Higher temperatures 
increase the specific conductance of the 
sodium-hydroxide solution. 

Fig. 4 is presented to indicate the re- 
lationship of solution activity, expressed 
in pounds of sulfur reduction per kilo- 
watt-hour over a limited range of tem- 
perature. An increase of temperature 
results in an increased rate of oxidation. 

The relationship of solution activity 
plotted against percentage of sodium- 
mercaptide concentration in spent caus- 
tic solution is shown in Fig. 5. Repeated 
tests have shown increased solution ac- 
tivity at higher sodium-mercaptide con- 
centrations. 

Theoretical sulfur reduction may be 
determined from electrochemical equiva- 
lents. The change of valence for mer- 
captan sulfur to the disulfide sulfur is 
one; consequently, it is possible to de- 
termine the theoretical sulfur oxidized. 
A plot of the theoretical sulfur reduction 
vs the voltage per cell is indicated in 
Fig. 6. Thus, for a cell voltage of 2.5 
volts, 1.05 lb of sulfur per kilowatt-hour 
can be oxidized theoretically. 

Figs. 7, 8, 9, and 10 are photographs 
of operating plant referred to in Fig. 1. 

One basis of calculation is the pounds 
of sulfur oxidized per kilowatt-hour, and 
may be determined by the use of the 
following equation: : 


g — Q4(S,—S,) (1,000) 
—— AV (24) 


Where: 


6 = pounds of sulfur per kilowatt- 
hour. 

Q = flow rate of caustic solution, bar- 
rels per day. 

d = density, pounds per barrel of 
caustic-soda solution. 

S, = mercaptan sulfur in spent caus- 
tic, per cent by weight. 

S, = mercaptan sulfur in regenerated 
caustic, per cent by weight. 

A = amperage. 

V = voltage. 





Operating Utilities 
The operating utility costs have been 
presented to indicate a cost comparison 








TABLE 2. Plant-scale operating data. 





Flow Rates 
Straight-run gasoline, bbl per day..3000 to 3500 
Dubbs gasoline, bbl per day__._______. 5000 
Caustic solution, bb! per day...» -:1700 
Power, kilowatt-hours . 40 





Analyses of Gasolines 
Straight-run Cracked 






Gravity, deg API__.___. 66.6 54.9 
Reid vapor pressure, psi_____.. 8.0 10.5 
ASTM distillation, deg F: 
Initial boiling point __.._... 102 108 
10-per-cent point _....._..__.. 146 172 
50-per-cent point - 209 291 
eee... 84 408 


Steam- ADC- 
regener- regener- 





ated ated 

F-1: Milliliters of TEL per gal 

to bring to common octane 

number 2.95 2.80 
Mercaptan sulfur removed, Ib 

0) ee 215 

Analysis of Treating Solution 

Gravity, deg Beaume _...__»_»_»- 17.6 
Sulfide sulfur, per cent by weight 0 


Mercaptan sulfur removed, lb per 
gE ee 210 
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The operating efficiency of synthetic fluid-type cracking catalysts 
is important. This operating efficiency can be assured 
od by uniformity of physical characteristics and chemical purity. 
Davison’s production of microspheroidal (M-S*) is tops in 
uniformity ... providing all users with a highly efficient synthetic fluid-type 
cracking catalyst. Your requirements can also be supplied in ground 
(DA-1*) form. Write for further descriptive information. Experienced 


Davison Field Service Engineers backed up with complete 





laboratory testing facilities are part of Davison’'s service. 


*T.M.T.D.C.C. 
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hydrogen disengaging drum. 





for the regeneration of spent caustic, 
both by steam regeneration and ADC 
electrolytic regeneration, as in Table 1. 
The ADC electrolytic regenerator proc- 
ess is estimated to save more than 
$40,000 annually on operating utilities 
alone. 









Operating Data 


Commercial plant operating data are 
summarized in Table 2. The pounds of 
mercaptan sulfur removed from the 
gasoline should equal the pounds of mer- 
captan sulfur removed from the caustic 














































FIG. 10. Treating-plant control 
panel board. 





FIG. 8. ADC electrolytic caustic regenerator and 





solution. The Shell Precision electro- 
metric titrator was used to determine the 
mercaptan sulfur in both the gasoline 
and caustic solutions. 


Process Advantages 


The advantages of the ADC electro- 
lytic regeneration over the conventional 
steam regeneration of caustic solution 
used in the extraction of mercaptans 
from gasolines are: 

1. Reduced operating utilities costs 
from $15.90 per 1000 bbl of gasoline 
treated by steam regeneration to $1.87 
per 1000 bbl by electrolytic regenera- 
tion. 

2. Reduced maintenance costs due to 
the elimination of high-temperature heat 
exchangers, coolers, and condensers. 
The absence of sodium sulfide (Na,S) 
at elevated temperatures results in a 
minimum of corrosion. 

3. Reduced capital costs due to the 
simplicity of design. 

4. The disposal of mercaptan vapors 
is eliminated due to the formation of 
liquid disulfides when oxidized. 

5. Appreciable savings in tetraethy]l- 
lead due to improved mercaptan-sulfur 
extraction from gasoline: Tetraethyllead 
savings of $15 per 1000 bbl of gasoline 
blend are indicated in Table 2. 

6. Approximate inhibitor savings of 
one-half the amount used in steam re- 
generation: Heated caustic solutions 
from steam regeneration resinify or- 
ganic matters extracted from the sour 
gasoline, and contribute to the high cop- 
per-dish gums and decrease the inhibitor 
susceptibility. 

7. Annual consumption of reduced 
caustic soda. 


Process Disadvantages 


1. Utilization of high voltage and cur- 
rents presents necessary hazards which 
must be met with proper safety pre- 
cautions. 

2. Plant treating solutions must be 
filtered to keep cell diaphragm clean. 


FIG. 9. Cracked-gasoline hydrogen-sulfide prewash column 
and disulfide scrubber. 





3. The cell and rectifier must be 
housed to keep dry. 


Conclusion 


The manufacturers of tetraethyllead 
have recently published comprehensive 
investigations to the effect that mercap- 
tan and disulfide-sulfur compounds de- 
crease octane numbers and thus increase 
the refiner’s overall treating costs.*.+.5.8 
Reference (8) is one of the most valu- 
able comparisons of. tetraethyllead ef- 
ficiencies obtained by different test 
methods. The refiner can estimate the 
additional tetraethyllead required to off- 
set the effect of added sulfur or the po- 
tential savings from the removal of 
similar amounts of sulfur. 

The ADC electrolytic regenerator 
process for treating solutions offers at- 
tractive payout time for the average re- 
finer today, based on low-cost sulfur re- 
moval. 
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ABSTRACT 


The search for better production 
methods to increase revenue from gas 
condensate wells has led to employment 
of low temperature separation and a 
process for stabilizing the liquid re- 
covery from that process. In the past, 
wherever possible natural gasoline 
plants have been employed to extract 
greater yields from gas-condensate pro- 
duction. Low temperature separation 
will yield separator liquid recovery com- 
parable to gasoline plant extraction, 
This liquid is rich in both the lighter 

+Presented at the spring meeting of the South- 
western District, API Division of Production, 


Washington Youree Hotel, Shreveport, Louisi- 
ana, March 5-6-7, 1952. 
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Low temperature separation increases production and revenues 
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FIG. 1. Low temperature separation unit. 
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and the normally liquid hydrocarbons. 
By fractionating the separator liquid 
under controlled pressure and tempera- 
ture, practically all of the stable com- 
ponents are produced to and remain in 
storage. In many cases further refine- 
ments to produce gasoline and liquefied 
petroleum gases can be added economi- 
cally. Data presented here show the ad- 
vantage of producing stabilized con- 
densate. 


A LARGE investment is required to drill 
a gas condensate well; therefore, it is 
desirable to obtain the maximum reve- 
nue, economically available from each 
well. 

The revenue from a well can be in- 

creased in two principle ways: 

1. Market more pounds of products 
from the total pounds of fluid pro- 
duced from the weil. 

2. Convert the production from the 
well into more desirable products. 

Some steps that can be taken on the 

lease to accomplish these means are: 
Remove the maximum volume of 
liquid hydrocarbon from the gas- 
eous phase of the well stream. 
Retain the maximum volume of 
separated hydrocarbon liquids in 
atmospheric storage. 

3. Salvage a maximum amount of 


bo 
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light vapors from the separated 
liquid. 

4. Convert the separated liquid hy- 
drocarbons into natural gasoline, 
liquefied petroleum gas, and resi- 
due oil. 

In this paper a discussion of some 
methods by which increased revenue can 
be economically accomplished in the 
production of gas-condensate wells and 
some typical operating data are pre- 
sented. The methods to be discussed 
are: 

1. Low-temperature separation of 

condensate from natural gas. 

2. Lease stabilization of condensate 

from low-temperature separators. 
3. Production of natural gasoline and 

LPG on the lease. 

These three methods are not separate 
one from the other. Lease stabilization 
is a natural sequence to increase the et- 
fectiveness of low-temperature separa- 
tion. Lease production of natural gaso- 
line and LPG is a simple step after 
stabilization. How many of these steps 
should be taken on any specific lease 
must be an economic consideration for 
that lease. 


Low-Temperature Separation 

Fig. 1 shows the flow diagram of a 
low-temperature separation system 
where hydrates are allowed to form in 
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IMMEDIATE ERECTION OF 
STANDARD A, B, and C * PLATFORMING UNITS 


NO DELAYS ...NO WAITING FOR DESIGN DRAWINGS 


This is big news for the refiner who needs 
Platforming ... and in a hurry! 


Procon can erect Platforming units of * 600, 
1000, and 1500 barrel per day design capacities 
from drawings already on‘file. This means no 
time out for detail design—no extended interval 
between contract and construction. 





Actual capacities of these Standard units will 
vary according to refiner’s feed stocks and 
method of operation, but the range of sizes 
permits the refiner to choose the capacity best 
suited to his individual requirement. 


This file-to-field service is the answer to fast, 
economical construction and enables the refiner 
to take the shortest route to profitable on- 
stream production with the widely accepted 
Platforming process. 


PROCESS CONSTRUCTION 
75 EAST JACKSON BLVD., CHICAGO 4, ILLINOIS 
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FIG. 2. Low temperature separation unit. 


the separator and are directed into a 
body of warm liquid where they are 
melted. Fig. 2 is a photograph of a 
typical single-well low-temperature 
separation unit of this type. 

Several papers have been previously 
presented describing in detail this par- 
ticular low-temperature separation sys- 
tem. This system will be discussed very 
briefly in this paper to point out certain 
factors that effect lease recovery and its 
combination with other systems to be 
discussed. 

The flow through the system shown in 
Fig. 1 is as follows: High-pressure well 
stream enters the system through a 
heat-exchanger coil in the lower portion 
of the’ separator where heat is trans- 
ferred to the liquids to form a warm 
body for melting hydrates and warming 
separated hydrocarbon liquids. 

The high-pressure well stream then 
passes through a gas-to-gas heat ex- 
changer where it is cooled by heat ex- 
change with the cold lower pressure 
outlet gas to a controlled temperature 
slightly above the hydrate temperature. 
It then passes through a high-pressure 
vessel where free water is discharged 
from the system or, in some cases, water 
and hydrocarbon liquids are discharged 
into the liquid body in the lower portion 
of the low-temperature separator. From 
this vessel, the high-pressure well 
stream, with or without the hydrocarbon 
liquid and still at a temperature slightly 
above the hydrate temperature, enters a 
choke or pressure-reducing valve where 
its pressure is reduced to the gas-trans- 
mission line pressure and the subse- 
quent reduction to final separation tem- 
perature. The approximate amount of 
this reduction in temperature for any 
inlet and outlet pressure combination is 
shown by the chart in Fig. 3. The gas 
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from the low-temperature separator 
passes through the gas-to-gas heat ex. 
changer and on to the sales line. The 
hydrocarbon liquid and hydrates are 
heated in the lower portion of the se pa- 
rator to melt the hydrates. The con:en- 
sate then passes to a second stage sepa- 
rator or to a stabilizer. Water may be 
separated in any of the stages. 

There are two features of this sy-iem 
that must be considered in determining 
its application for maximum lease re. 
covery, particularly when used on wells 
with a limited pressure reduction avyail- 
able or in combination with lease sta)ili- 
gation to be discussed later in this 
paper. These are: 

1. The minimum temperature to 
which the inlet well stream can 
be cooled prior to the pressure re- 
duction is just above the hydrate 
temperature of the inlet stream. 
This dictates the minimum tem- 
perature obtainable in the low- 
temperature separator for any set 
of pressure conditions. 

2. The liquid hydrocarbons must be 
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FIG. 3. Temperature vs. pressure drop for natural gas. 
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FIG. 5. Central glycol injection plant. 


heated in the low-temperature 
separator. 

The glycol injection system of low- 
temperature separation is shown by the 
flow diagram in Fig. 4. A photograph of 
a typical glycol injection system to han- 
dle production from several wells is 
shown in Fig. 5. The flow through this 
system is as follows: 

The high-pressure well stream enters 
the high-pressure free water knockout 





Refinery Capacity 
To Rise During 1952 


Refinery capacity in the U.S., it 
is estimated, will be increased by 
about 3.5 per cent in 1952. New 
refineries will account for about 
10 per cent of the increase, with 
modernization and enlargement 
projects providing the remainder. 
With the new capacity, the nation’s 
refineries will have facilities to 
process more than 7,360,000 bar- 
rels of oil a day, and the oil indus- 
try will have taken another step 
in its never-ending race to keep 
ahead of consumer demand for oil 
products. 

The Federal government has re- 
quested an expansion that will in- 
crease refining capacity in the 
Western Hemisphere by one million 
barrels a day, along with increasing 
potential crude oil production by 
the same amount. ; 
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where free water is discharged from the 
system or free water and liquid hydro- 
carbons are removed and the free water 
discharged from the system and the 
liquid hydrocarbons discharged into the 
liquid space of the low-temperature 
separator. Sufficient diethylene glycol is 
injected into the high-pressure well 
stream after it passes from a free water 
knockout to inhibit hydrate formation at 
the minimum system. temperature. The 
high-pressure well stream then passes 
in gas-to-gas heat exchange with lower- 
pressure cold gas leaving the low-tem- 
perature separator, where it is cooled to 
give a controlled temperature in the low- 
temperature separator. From the gas-to- 
gas heat exchanger the high-pressure 
well stream enters a choke or pressure- 
reducing valve where the pressure is re- 
duced to the gas-transmission line pres- 
sure and the temperature is reduced io 


“the final separation temperature. The 


liquid hydrocarbons are discharged from 
the low-temperature separator cold for 
further processing. and the diethylene 
glycol is discharged to the reconcentra- 
tor for reconcentration and_ recircula- 
tion. 

This system differs from the low-tem- 
perature separation system with the 
heated bottom separator as follows: 

1. The separation temperature is not 
limited by the hydrate tempera- 
ture of the high-pressure in’et 
stream. Much lower separation 
temperatures can be obtained for 
any specific set of pressure con- 
ditions. 












2. The hydrocarbon liquid is dis- 
charged from the separator at low 
temperatures. 

3. No hydrates are present at any 
point in the system. 

The desirability of operating the low- 
temperature separator at the lowest pos- 
sible temperature is shown in Fig. 6, 
where liquid stock-tank recovery in bar- 
rels per million standard feet of gas is 


FIG. 6. Theoretical recoveries vs. 
first-stage separation temperature. 
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FIG. 7. Comparison of stabilization 
and stage separation. 


plotted against a variable first-stage 
separation temperature. 

Low-temperature separation may be 
used where expansion cooling is not 
available by replacing the expansion 
valve in the glycol injection system with 
a mechanical refrigeration chiller or by 
a combination of mechanical refrigera- 
tion and expansion chilling. This type of 
system is considerably more expensive 
than either of the previously discussed 
systems. 

The low-temperature separation sys- 
tems discussed above accomplish the 
purpose of removing a maximum volume 
of hydrocarbon liquid from the well 
stream in the first-stage separator. 

After the maximum liquid volume is 
obtained in the first-stage separator, the 
next problem is to retain the maximum 
per cent of this liquid in atmospheric 
storage. 

The conventional method of han- 
dling these liquids is to reduce the pres- 
sure in one or more stages with sepa- 
ration of the liquid and solution gas 
after each pressure reduction, the last 
separation stage in all cases being the 
stock tank. Increasing’ the number of 
stages of separation results in a greater 
stock-tank recovery. The effect of three 
and four stage separation and stabiliza- 
tion on stock-tank recovery in barrels 
per million standard cubic feet vs. first- 
~~ separation temperature is shown 

n Fig. 7. 

Regardless of the number of stages of 
separation used, some recoverable hy- 
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drocarbons that are normally a licuid 
are lost with the solution vapors fiom 
each stage of separation. Also, consi« er. 
able volumes of low-pressure gas ire 
released from each stage that are v«ry 
costly to salvage. 


NORMAL SEPARATION AT 
80 F. DEGREES 


Lease Stabilization 


A maximum volume of hydro«ar- 
bon liquid stable under stock-tank ¢ n- 
ditions with a minimum volume of s»!u- 
tion vapors removed at a relatively high 
pressure can be obtained by fractiona- 
tion, or as it is commonly called, sta)ili- 
zation, of the first-stage separator liquid. 

Fig. 8 shows a flow diagram of a 
stabilizer used with a heated liquid type 
low-temperature separation system. In 
this system the condensate feed stream 
to the stabilizer is preheated. Conden- 
sate comes from the LTS unit at about 
80 to 90 F and is preheated in a heat 
exchanger with the bottom product to 
approximately the same temperature as 
the stabilizer at the point of entry. A 
temperature controller regulates a by- 
pass valve in the feed line so that a con- 
stant temperature can be maintained in 


STABILIZATION 


4-STAGE SEPARA 
3-STAGE SEPARA 


FIG. 8. Stabilization unit with standard 
low temperature separation. 
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FIG. 9. Stabilization unit with glycol injection and low temperature separation systems. 
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“Refinery” pump? There ain’t no such 
animal. But if one pump could be all 
things to all processes, it might look like 
this. Fact is, however, that in refining 
it’s pretty important to have each pump 
fitted to its specialized job. No one answer 
is good for all. 


That’s why Byron Jackson builds job- 
engineered pumps. With a BJ you’re 
sure of a pump that sizes up to the need 
and is pin-point engineered to profitable 
performance. Starting with more than 
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25 basic BJ pump designs used in the 
refinery field, BJ engineers can incor- 
porate features to meet particular pres- 
sure, temperature, corrosive, material 
or power requirements. 


When you need a pump for your refinery 
operation — check with BJ first! 


Byron Jackson Co. 


Since 1872 
P. 0. Box 2017 Terminal Annex, Los Angeles 54, Calif. 


OFFICES IN PRINCIPAL CITIES 


FOR THE ENGINEERED ANSWER TO YOUR PUMPING PROBLEMS 
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sate at 0 to 25 F is fed into the stabil- 
izer at the top. This cold feed creates its 
own reflux and requires no other equip- 
ment for refluxing the stabilizer. 
Condensate is fractionated by the 
same process used in the system de- 
scribed with Fig. 8. The light com- 
ponents pass overhead as vapor, and the 


FIG. 10. Cold feed stabilizer. 


the feed to the stabilizer. The hydro- 


carbon mixture is fractionated and the 
lighter components pass overhead in the 
vapor state. The stable .liquid is with- 
drawn from the bottom of the stabilizer. 
(The term stable refers to a hydrocar- 
bon mixture that will have essentially 
no vapor losses at atmospheric tempera- 
ture and stock-tank pressure). A por- 
tion of the overhead vapors is condensed 
either by cooling water or by the cold 
gas stream from the low-temperature 
separator in a heat exchanger. The 


A number of variations of this system 
are possible, depending upon the utili- 
ties available at the particular loca- 
tion. Where these units are used in con- 
junction with normal recovery methods, 
cooling water or a fan cooler may be 
used in place of the cold gas. 

Fig. 9 shows a flow diagram of a 
stabilizer used with a glycol injection 
cold liquid type low-temperature sepa- 
ration system. The system uses cold feed 
from a glycol injection system for the 
feed stream to the stabilizer. Conden- 


stable product is withdrawn from the 
bottom of the tower. The bottom prod- 
uct is cooled in a heat exchanger either 
by the cold gas from the low-tempera- 
ture separator or cooling water, which- 
ever the case may be. Overhead gas may 
be used for fuel and supply gas. If the 
volume warrants, it may be recom; 
pressed for sales gas. Heat is supplied 
with an indirect-fired salt-bath heater. 
Photographs of a typical stabilizer in- 
stallation of this type are shown in Figs. 
10 and 11. 


liquid is separated and returned to the 
stabilizer as reflux. 

Gas from the reflux accumulator is 
vented for fuel and instrument gas. If 
the excess is great enough, it may be re- 
compressed and added to the sales gas. 

Heat is supplied to the stabilizer by Stage Separation 
circulating the liquid that has passed 875 PSIG—68 F Stage Separation Stabilization 
through the fractionating section = names 
through an_ indirect- fired  salt-bath i Stock Second First Stock Second 
heater. This provides stripping vapors tank sage sage tank cage 
for the liquid as it flows down the tower. liquid gas gas liquid gas bottoms gas 
The remaining liquid is automatically Mol % Mol % Mol % Mol % Mol % Mol % Mol % 
discharged by a liquid level controller : 6.62 2.40 3.49 ee 
in the bottom of the stabilizer. This “ "oa. 2 a os 
liquid is partially cooled in the feed pre- : ’ 276 769 2.25 3.23 13.31 16.95 
heater and further cooled with air cool- - ’ 2.95 1.84 0.26 2.67 175 0.85 
ers. Final cooling to atmospheric tem- : 6.84 1.37 0.48 10.20 2.58 1.16 
perature is done with the cold gas from ' ~ 0 5.78 0.87 0.15 6.27 1.55 0.12 
the low-temperature separator. After . 5.21 0.75 0.09 5.40 0.82 0.10 


cooling, the bottom product is sent to . 16.05 0.42 0.15 18.68 0.74 0.28 
the stock tank. 60.41 0.22 0.08 $3.55 0.58 


FIG. 12. GAS AND LIQUID ANALYSES STAGE SEPARATION VS. STABILIZATION 





Low Temperature Separation—875 PSIG—16 F 
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FIG. 13. FIRST STAGE SEPARATOR 
LIQUID ANALYSES. 
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It has been found that where the feed 
to the stabilizer is at low temperatures. 
as in glycol injection systems, good frac- 
tionation can be obtained by feeding 
the cold liquid on the top tray causing 
the column to reflux itself. This elimi- 
nates the relatively expensive reflux sys- 
tem required on stabilizers where the 
feed is at higher temperatures. The 
elimination of reflux condenser, reflux 
control, and reflux pump greatly simpli- 
fies the operation of a stabilizer on an 
oil-field lease where operational super- 
vision is very limited. In most cases suffi- 
cient refrigeration is available in the 
system to chill the liquid from the 
heated liquid type low-temperature sepa- 
ration system. The simplified stabilizer 
can then be used with the heated liquid 
system as well as with the glycol in- 
jection low-temperature system. 

By this method, the separator liquid 
is separated into its heavier components. 
which will remain a liquid at atmos- 
pheric pressure and temperatures. and 
its lighter components, which will be- 
come a gas at atmospheric conditions. 
Almost no normally liquid components 
are lost with the lighter components in 
this method of separation. See Fig. 12 
for an analysis of the overhead gases 
from a stabilizer as compared to the 
composite analysis of low-pressure gas 
from stage separation. These samples 
show the results of the different means 
of separation of the same hydrocarbon 
liquid from a first-stage separator op- 
erated at low temperatures. 

Note the difference in composition of 
the vapors from the stage separator and 
those from the stabilizer. Almost all of 
the butane plus lost in the vapors from 
the low-pressure separator and in the 
solution vapors from the stock tank are 
saved by stabilization. The curves in 
Fig. 6 show the stock tank recovery in 
barrels: per MMSCFD vs. first-stage 
Separation temperature for a gas-con- 
densate well stream where low-tempera- 
ture separation and _ stabilization are 
used as compared to the stock-tank re- 
covery using low-temperature separa- 
tion and stage separation. 

Note in Fig. 13 the comparison of the 
snalyete of the high-pressure separator 
agen = F tage: psig as compared 
well ‘ane a a _— from the same 

A and 875 psig. The 


low-temperature separator liquid con- 
tains much larger volumes of lighter 
components than the separator liquid 
at the higher temperature. It also, of 
course, contains a larger volume of the 
heavier components per unit volume of 
high-pressure separator gas. 

In stage separation all of the in- 
creased volume of normally liquid hy- 
drocarbons is not reflected in the stock 
tanks because a large amount of it is 
carried out as a vapor during the sepa- 
ration of the lighter components. By the 
use of stabilization almost all of the in- 
creased volume of normally liquid com- 
ponents in the low-temperature separa- 
tor is retained in the stock tanks under 
stable conditions. In addition to pro- 
ducing a larger stock-tank volume of 


.liquid from a given volume of low-tem- 


perature separator liquid, the stabilizer 
produces all of the lighter normally 
gaseous components overhead at one 
point in the system at relatively high 
pressures, 175 psig or higher. This low- 
pressure gas at this pressure can be 





compressed back to gas-transmission 
line pressure at a much reduced com- 
pression cost as compared to the low- 
pressure vapors from the same system 
using stage separation. The vapors from 
the stabilizer are also lean in heavy hy- 
drocarbon components and _ therefore 
more desirable in a gas-transmission 
line than the gasoline-laden vapors from 
stage separation. 

When the overhead vapors from a 
stabilizer are compressed into the sales- 
gas line and the stabilized liquid stored 
in a vapor-tight tank, every pound of the 
produced well fluid with the exception 
of that used for fuel gas in lease heaters 
(if any) and the stabilizer reboiler can 
be marketed. 


LPG and Natural Gasoline 
Recovery on the Lease 


Where a high API gravity condensate 
from a low-temperature separation sys- 
tem is being stabilized on the lease it is 
often desirable to go one step further 
and install a low-pressure fractionator 
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FIG. 14. Two-stage fractionation for natural gasoline production. 
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FIG. 15. Three-stage fractionation for LPG and natural gasoline production. 
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on the discharge liquid from the stabi- 
lizer to produce natural gasoline to 
proper specification of vapor pressure 
and end point overhead and residue oil 
off the bottom. This further refinement 
of the condensate on the lease will often 
increase substantially the market value 
of the lease production. 

Fig. 14 shows a flow diagram for a 
condensate stabilizer with low-pressure 
fractionator added to produce specifica- 
tion natural gasoline. The liquid is 
processed through the stabilizer as pre- 
viously described. In order to produce 
gasoline of proper end-point specifica- 
tions, the bottoms from the stabilizer are 
fed to the gasoline fractionator where a 
large percentage of it is fractionated to 
produce gasoline vapors which are con- 
densed and collected in the accumulator. 
Reflux is taken from the accumulator as 
required to maintain proper overhead 
outlet conditions and the remainder is 
dumped to gasoline storage. 

Where there is a appreciable volume 
of propane being produced in the low- 
temperature separator liquid, which is 
often the case (note the propane con- 
tent in the low-temperature separator 
liquid analysis in Fig 13), it is in many 
cases economically desirable to add a 
de-ethanizer column ahead of the stabili- 
zer to remove the methane and most of 
the ethane from the feed to the stabili- 
zer. A commercial LPG mixture can 
then be produced by condensing the 
overhead from the stabilizer column. 

The flow diagram in Fig. 15 shows the 
addition of a de-ethanizer column and 
overhead condensers to the stabilizer 
column in the system shown in Fig. 14 
to produce LPG. In this system the cold 








FIG. 16. RECOVERIES BY VARIOUS PRODUCTION METHODS. 





Sales 
gas 
Method MCF 
Stage 
SepervehOReccccccccccccccccceccoce 971 
Low temperature separation with stage 
SOPGFANON. oc cccccccccccccccess 937 
Low temperature separation with 
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feed enters the de-ethanizer where the 
methane and most of the ethane are re- 
moved as overhead gas. The cold feed 
makes the use of a reflux system un- 
necessary. The bottoms are then fed to 
the stabilizer and fractionated again. 
The overhead vapors consist principally 
of LPG gases which are condensed and 
collected in the reflux accumulator and 
transferred to LPG storage. A sufficient 
amount is recirculated to supply the 
necessary reflux for the column. The 
stabilized bottoms are then fed to the 
gasoline fractionator where they are 
processed the same as in the system 
shown in Fig. 14 described above. The 
recovery of the LPG as liquid gives an 
additional source of revenue. 

In summary, the material balance for 
a well stream is carried through steps 
discussed in this paper. Figs. 16, 17, 
and 18 illustrate this balance in terms 
of analysis, pounds of product recoy- 


FIG. 17. Weight recovery of products by various lease 
production methods based on IMMSCED of wellstream fluid. 
(Measurement base 14.7 PSIA and 60 F.) 
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ered and the value of the products 
covered. The results are tabulated on 
the basis of equivalent mass of reservoir 
fluids. In terms of equal volumes of 
sales gas, this comparison is even more 
striking. The material balance is based 
on the following: 

1. Three-stage separation with the 
first-stage separator operated above the 
hydrate temperature. 

2. Three-stage separation with the 
first-stage separator operated at low 
temperature. 

3. Low-temperature separation in com- 
bination with stabilization. 

4. Low-temperature separation stabi- 
lization and natural gasoline production 
from the stabilizer bottoms. 

5. Low-temperature separation, de- 
ethanization stabilization with LPG pro- 
duction from the overhead and natural 
gasoline production from the stabilizer 
bottoms. kkk 


GAS FIG. 18. Income by various production methods. 
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bal. hnavining 
“Cashes-in” on past experience 

with Foxboro M-40 Controllers 


1 
r 
f 
In its first East Coast refinery, at 
Perth Amboy, the California Refining 
e Company has assured unusually stable 
. operation by basing its system on the 
‘ previous outstanding performance of 
" Foxboro M-40 Controllers. As in other 
leading refineries throughout the world, 
I- M-40 Controllers govern critical process 
. points throughout this new cat 
‘ cracking plant. 
‘. This is another typical example of the 
> petroleum industry's preference for the 
al Foxboro M-40 because of its inherent 
. stability. The M-40 controller gives you 


the most advanced developments in 

the field of pneumatic instrument design. 
Its rigid construction and almost 
frictionless moving parts result in greater 
power, accuracy and response. Available 
for temperature, pressure, flow, level 

and other applications. Write for details. 
The Foxboro Company, 

1307 Neponset Ave., 
Foxboro, Mass., U.S.A. 


Panel in control room 
of new California Re- 
fining cat cracker at 
Perth Amboy, N. J. 
showing a few of the 
51 Foxboro M-40 Con- 
trollers. 






INE 


4 OX BOR CONTROLLERS 


Reg. U. S. Pat. Off. 


FACTORI S IN THE UNITED STATES: CANADA, AND ENGLAND 
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Ar the Philadelphia refinery of The 
Atlantic Refining Company the cost of 
repairs of steel refinery tanks in recent 
years has been in excess of $1,000,000 
per year. A major portion of these ex- 
penditures has been consumed by the 
replacement of steel tank roofs that had 
been destroyed by internal corrosion. 
This costly corrosive attack may be 
largely attributed to the increased 
amount of high-sulfur crude run (ap- 
proximately 40 per cent of the refinery 
capacity of 120,000 bbl per day). In 
general, Atlantic’s experience has been 
much the same as has been reported in 
industrywide surveys by other com- 
panies! 2?* which have shown that steel 
tanks in sour-crude service have a roof 
life varying from 3 to 12 years, with 8 
years as the average; whereas similar 
tanks in sour-distillate service have a 
roof life from 4 to 14 years, with 7 years 
as the average. 

Consideration was, therefore, given to 
the use of protective coatings, alloyed 
installations, and heavier-gage steel 
plate as a means of combatting this in- 
ternal corrosion and, consequently, elim- 
inating or reducing the frequency of 
roof replacements. Introduction of these 
alternate methods for tank-roof protec- 
tion and replacement, however, would 
involve initially higher costs than con- 
tinued use of unprotected 3/16-in. steel 
plate. 

The purpose of this paper is to eval- 
uate the additional expenditures in- 
curred for each of the alternate types 
of protection or replacement material 
under consideration, and to compare 
these costs with those of the usual steel 


roof replacement in such a manner that © 


the most economical method may be 
readily selected. 


Development of Evaluation 


Five materials that would reduce the 
frequency of roof replacements were 
selected for economic comparison with 
the present general practice at our 
Philadelphia refinery of replacing steel 
tank roofs in kind with 3/16-in. steel 
plate. The materials chosen for compari- 





+Presented to a corrosion session during the 
17th mid-year meeting of the American Petro- 
leum Institute’s Division of Refining, in the 
St. Francis Hotel, San Francisco, California, 
May 18, 1952. 

*The Atlantic Refining Company, Philadel- 
phia, Pennsylvania. 
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Metals and Coatings to Combat Corrosion 


Heavier-gage steel, aluminum, galvanized steel, organic resin- 
base coatings, bituminous-base coatings are considered for tanks 


H. F. MCCONOMY* and J. J. HUR* 


son were bituminous-base and organic 
resin-base protective coatings on 3/16- 
in. steel plate, heavier 14-in. steel plate, 
galvanized 3/16-in. steel plate, and 
3/16-in. aluminum plate. All five meth- 
ods of prolonging the serviceable life of 
refinery tank roofs, particularly in high 
sulfur-crude and distillate storage, have 
been or are being employed by this 
and/or other companies within the in- 
dustry. Although the types of materials 
selected -for evaluation in this study do 
not include all the available materials 
which economically could be employed, 
they do cover a broad range of material 
costs and methods of application. The 
use of inhibitors, neutralizing chemi- 
cals, or oil treating to combat corrosion 
is not a part of this paper. 

In order to establish realistic figures 
for each type of protection and replace- 
ment material, the following expendi- 
tures were included in the evaluation: 
1, Tank-cleaning costs; 2, preparation 
and, miscellaneous maintenance; 3, re- 
pairs to roof or application of coating; 
4, company overheads; 5, downtime, 
and, 6, rate of return (or interest) on 
additional investment. The magnitude 
of each of these expenditures, as affect- 
ed by the particular protection material 
and tank diameters, will be developed 
separately. Simplified equations that 
summarize the various expenditures will 
be presented first. Then these equa- 
tions will be combined to show the over- 
all economics. The results of the eval- 
uation will be presented in table form 
for convenience in selecting the most 
economical type of protection or re- 
placement material. 

Tank-Cleaning Costs. Prior to the 
actual repairs or replacement of a roof, 
the tank must be cleaned thoroughly. 
This involves gas-freeing of the tank 
and removal of bottom residue. Costs 
for this work were estimated from the 
time required for these operations, based 
on the past experience of the refinery 
drainage department. For tanks that 
have been in average oil service, the 
time required to clean tanks of 20 ft to 
120 ft in diameter has been 1 to 24 days, 
respectively. Only about one-half of that 
estimated time, however, is consumed by 
manual cleaning—the other one-half be- 
ing required to gas-free the tank. There- 
fore, it was assumed that the labor ex- 
penditures ‘incurred are those required 
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to maintain a 5-man cleaning crew in the 
field (8-hour work day) for one-half the 
estimated cleaning time. Materials and 
equipment costs for the cleaning work 
were estimated at $100 per tank. The 
total cleaning expenditures were then 
expressed in a simplified equation as 
$140 + 0.08X (where “X” is the hori- 
zontal cross-sectional area of the tank 
in square feet) including assumed com- 
pany overheads of 38 per cent. This 
equation holds for all replacements or 
repairs, and ‘is considered to be inde- 
pendent of tank height. 

Preparation and Miscellaneous Main- 
tenance. Before any mechanical work is 
done that involves the actual repairs io 
a roof or the application of coatings, 
certain preparatory steps and miscel- 
laneous maintenance on the tank are 
generally required.. The preparatory 
steps include rigging, dismantling. 
scaffolding, lighting, sandblasting, and 
similar items. Past records of the cost of 
these operations for metal roof replace- 
ments show that they can be expressed 
in an equation as $870 + 0.29X. Miscel- 
laneous maintenance to metal roofs. 
such as nozzles, foam boxes, and gage 
boards—which is generally required be- 
cause of roof repair—was found to be 
relatively independent of tank size and, 
therefore, could be assigned an average 
cost of $300 per tank. Combining the 
costs of preparation and miscellaneous 
maintenance, an equation of $1,170 +- 
0.29X was obtained for metal roof re- 
placements. 

When roofs are not replaced with 
metal, but are protected by application 
of coatings, the fixed costs are less. The 
equation for preparation and miscel- 
laneous maintenance, in this case, would 
be $515 + 0.27X. 

Repairs to Roof or Application of 
Coating. The replacement of roof plate 
with various types of metals involves 
material, fabrication, and installation 
costs. The material costs of the metals 
are well-known and, depending on the 
quantity of metal required, may easily 
be determined. The fabrication and in- 
stallation costs, however, can vary wide- 
ly because they are influenced by labor 
rates, field conditions, and size of tank. 
Estimates of these costs at our Phila- 
delphia refinery are given in Table |. 

The roof-repair costs were then cal- 
culatéd from the data in Table | and 
from the roof-material weights at va- 
rious diameters. When these costs were 


























TABLE 1. Materials, fabrication, and 
installation costs for metal roofs. 














Fabrication and 
installation costs 














(cents/Ib) 
Roof Material ~ ‘Tank diameter, ft 
construction costs 
in. (cents/Ib) 20 40 60 100 
14-4 steel. ......... 5.0 45 33 .0.3.0 
* (Welded) 
34 galv. steel......... 7.5 9.5 5.8 4.5 4.0 
(Riveted) = 
4% aluminum......... 40.0 11.3 8.3 7.5 7.5 
(Welded) 
TABLE 2. 
Protection or replacement Repair cost 
material, in. equation 
3% steel (welded)............... : $250 4+- 0.76X 
e Y, steel (welded). ..... $250 + 1.00X 


4% galv. steel (riveted) . 
3% aluminum (welded)............ 



































plotted vs square feet of cross-sectional 
area, a correlation was obtained from 
which the roof-repair equations were de- 
rived. 

Correction of these equations was 
made for additional expenditures re- 
quired to cover the complexities of gal- 
vanized and aluminum roof installations. 
During the fabrication of pregalvanized 
plate, the metallic coating at or adjacent 
to the seams is destroyed, thus expos- 
ing the base plate. Therefore, it was es- 
timated that 6 cents per square foot is 
required to apply a protective coating 
along the roof seams. Similarly, alumi- 
num replacements require that the steel- 
to-aluminum joints be either electrical- 
ly insulated or made impervious to mois- 
ture so as to prevent local galvanic cor- 
rosion of the aluminum roof plates. Such 
insulation may be accomplished by ap- 


























d Organic resin coating............. plying a coating at the joints. Moisture 
k iach eae may be sealed out by use of soft alumi- 
e ie num. Costs for this work were estimated 
n TABLE 3. at 15 cents per square foot of roof. 
“4 A summary of the repair-cost equa- 
i- Protection Ae! “oe Total —_ cost tions is shown in Table 2. 
4 on theese 
. % veaiies. $2090 Pagan In similar manner the actual cost of 
“ M fheel —.... 2090 + 1.84X organic resin-base _protective-coating 
» % _— peace reese oe t << materials and their application were de- 
7 jum (welded)...... . i 
a4 | seman coating... .... $875 + (0.46 + .06N)X veloped, and these can be expressed in 
e- Bituminous coating......... $875 + (0.46 + .08N)X a formula as: ($0.044N ) X—where N 
is the number of coats applied and X 
> _TABLE 4. is the square feet of coated surface. 
” Data available for bituminous-base coat- 
” ; Down-time in days ings indicate costs for this material to 
8, ——— ‘ceteaneen be approximately one-half those of or- 
|. replacement , ganic resin-base finishes, or ($0.22N) X. 
- a se f & Company Overheads. Company over- 
2 oee..------- eee heads, as employed in this evaluation. 
Organic resin (4 coats).. 17 26 35 46 60 are a function of the labor and mate- 
‘ f Bituminous (costs)... 16 22 20 38 50 rials required for repairs and tank prep- 
7 aration. Based on 65 per cent overheads 
a TABLE 5. Cost breakdown compari- for labor and 10 per cent for materials. 
‘l son for 6-year life 40-ft diameter tank. these, when combined, were found to 
fs average 37.5 per cent for steel and gal- 
- Metal "6 in 6. in. 3% in. resin vanized roofs, 30 per cent oH aluminum 
: = ee um. Coating roofs, and 42.5 per cent for coatings. 
be- = ee ee ee Overheads do en to some extent with 
Tank cleaning... 0 240 240 ae 
Preparation. ie + 530 ‘ise + too . 855 tank diameter. However, the use of these 
ye Repairs {i gterials >= = = averages to reduce the complexity of the 
oa Overheads... 1025 1260 »«1200 S450 computations does not introduce any 
: Downtime... .. . . 0 3% 325 290 appreciable error beyond the accuracy 
s —_> so ——_—- Ss ——-'_— —— A P 
‘L re $4285 $5175 $5745 $2035 of the basic equations. 
re- 
TABLE 6. Overall economics. Metals—life in years required to break even 
ith with 3/16-in. steel. 
ion 
Phe Rate of return 0% 10% 20% 
cel- Normal life, years 
uld " % in. steel 4 6 8 4 6 8 4 6 8 
\ in. See 41 62 83 43 65 87 44 68 98 
steel roof 30-50 ft......... 44 66 88 46 7.1 9.7 49 79 12.0 
of tank dia. 60-100 ft........ 46 69 9.1 4.9 7.6 10.7 5.4 8.7 13.0 
Galv. RRR 46 6.9 9.2 49 7.6 10.5 54 87 18.5 
ate roof 30-50 ft......... 48 72 9.6 53 68.3 183 5.9 9.8 15.5 
ves tank dia. 60-100ft........ 5.0 7.6 10.1 5.5 9.3 14.3 6.4 10.8 18.5 
. Alum. ah soci 46 69 9.2 49 7.6 10.5 54 87 13.5 
10n roof 30-50 ft......... 5.3 8.0 11.3 5.9 10.1 15.2 7.3 12.6 26.0 
tals tank dia.  60-100ft........ 6.1 9.3 12.5 7.4 13.5 18.0 10.0 19.2 38.2 
the re = 
sily TABLE 7. Overall economics. Coatings—life in years required to break 
Ad even with 3/16-in. steel. 
or _ 
- Rate of return 0% 10% 20% 
ink. Normal life, years — - $$$ $$ —___., 
rila- 3% in. steel 4 6 8 4 6 8 4 6 8 
le Bitum. | Re 18 26 3.5 22 39 6.8 3.9 8.2 
= 2 coats) 30-50ft......... 20 3.8 . 3.7 95 -44 7.5 4.4 10.4 
tank dia. 60-100ft........ 21 2.9 3.29 26 46 8.0 4.7 11.4 
and Organic resin 20ft............ 19 28 3.7 24 #44 7.5 41 10.4 
pe (4coats) 30-50ft......... 22 30 3.9 28 48 8.0 << eae 
: tank dia. 60-100 ft... 23 33 4.3 3.0 55 92 ‘5.4 
ver =—== 
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By applying these company overheads 
to the basic cost equations for repairs 
(Table 2) and those established for tank 
preparations ($1,170 + 0.29X for metals 
and $515 + 0.27X for coatings), and 
then combining the resulting equations 
with the tank-cleaning cost equation of 
$140 + 0.08X, there is obtained a to- 
tal direct-cost equation for each type of 
roof protection or replacement material. 
These are summarized in Table 3. 

Downtime. To present a more realistic 
picture of the expenditures involved 
in a roof protection or replacement, an 
intangible cost designated as “down- 
time” was evaluated and added to the 
direct costs exemplified in Table 3. In- 
asmuch as downtime involved no real 
dollar costs, its evaluation was made by 
assuming that a spare tank must al- 
ways be available in a refinery to take 
over the service of any one of the hun- 
dreds of tanks which may be idle dur- 
ing repair. Thus the investment for this 
spare tank should be charged against 
all the tanks which it spares, and should 
be included in the repair expenditures 
of these tanks. The portion of the in- 
vestment of the spare tank which should 
be included in repair expenditures was 
determined from the per cent of the time 
which a tank is out of service for repair 
and the investment of the spare tank. 
For example, a 3/16-in. steel roof may 
have a 6-year life on a 40-ft diameter 
by 40-ft high tank in sour-oil service. 
To extend the serviceable life of the 
roof, a 14-in. steel roof has been selected 
which requires approximately 29 days 
downtime for installation. The spare 
tank, therefore, must be in service for 
this 29-day period, or 1.3 per cent of the 
6-year life of the original 40-ft tank. 
Because a spare tank of equal capacity 
would cost approximately $25,000, 1.3 
per cent of this investment, or $325, is 
charged as downtime expense. Similar 
calculations were used to obtain the 
downtime costs of each type of roof pro- 
tection or replacement. These calcula- 
tions were made at a basic tank height 
of 40 ft. 

Downtimes were approximated from 
the drainage-department cleaning-time 
estimates and by computations based on 
the labor required to complete the roof 
installation. The size of crews who have 
the skills necessary for each opeiation 
was assumed and assigned an hourly 
dollar value in accordance with the Phil- 
adelphia refinery wage scale. From the 
hourly labor costs per crew and the la- 
bor expenditures per operation, the 
number of 8-hour work days was ob- 
tained. The full downtime period was 
then regarded as the sum of the com- 
puted repair time and the cleaning 
time, with an additional 7 days to cov- 
er contingencies such as bad weather. 

Shown in Table 4 are the estimated 
downtimes for the various methods of 
roof protection or replacement. The fig- 
ures indicated for riveted construction 
were employed for all metal roofs other 
than the 3/16-in. welded steel. 


Results of Evaluation 


A comparison showing a breakdown 
in dollars of the total costs involved in 


C-29 


roof protection or replacement for sev- 
eral of the evaluated materials is given 
in Table 5. These have been calculated 
from the cost equations for a tank with 
a diameter of 40 ft, which has a normal 
service life of 6 years. There is shown 
the magnitude of each item involved, 
and its bearing on the total cost may be 
clearly visualized. Here it may be seen . 
that the differential costs between al- 
ternate replacements and 3/16-in. steel 
plate are relatively lower than might be 
anticipated. These small differentials 
may be attributed to the auxiliary ex- 
penditures, which show little variation 
between types of installations and which 
consume a high percentage of the total 
costs of the replacements. 

The overall economics of the various 
types of roof replacements are com- 
pared and summarized in Tables 6 and 
7. All comparisons are expressed as the 
approximate number of years (relative- 
ly free of maintenance) necessary for 
the substitute material to break even 
with the cost of a 3/16-in. steel roof. 
To show the effect on the economics of 
severity of corrosive service to which the 
roof is exposed, comparisons are made 





with a 3/16-in. steel roof having 4, 6 and 
8 years’ normal service life. Because 
each of the alternate types of roof repair 
requires for its longer life additional 
initial investment over the cost of a 
3/16-in. steel roof, there is also shown 
the effect on the economics of charging 
against this additional expenditure such 
rates of return (or interest) as 0 per 
cent, 10 per cent, and 20 per cent; i.e., 
the additional investment of a substitute 
material, to be justified, may have to 
compete with other company projects 
where such rates of return are possible. 

By applying these tables to a specific 
tank-roof problem for which the past 
normal service life of a 3/16-in. steel 
roof is known, it is possible to evaluate 
the economic advantages of the various 
methods of roof replacement or protec- 
tion. Taking the example given previous- 
ly for a 40-ft diameter tank and refer- 
ring to Table 6, a 14-in. steel roof would 
have to last only 7.9 years (with 20 per 
cent interest charged against additional 
investment (to break even with a 3/16- 
in. steel roof having a normal life of 6 
years. Inasmuch “as the roof thickness 
has been increased 33 1/3 per cent, the 








P. A. Maschwitz and L. M. Hen- 
derson, The Pure Oil Company, Re- 
search and Development Labora- 
tories, Crystal Lake, Illinois. 


Processes for the polymerization of 
hydrocarbon gases to motor fuel were 
developed to a commercial level in 
the early 1930’s. Thermal polymeri- 
zation plants, employing tempera- 
tures of 900 to 1200 F and pressures 
of 60 to 3000 psi were developed 


W. P. Gee, The Texas Company, 
New York, and H. H. Gross, Texaco 
Development Corporation, New York. 

Waxes of both the crystalline and 
microcrystalline type occurring nat- 
urally in lubricating oil fractions de- 
rived from crude petroleum are un- 
desirable components of the finished 
oils. Refiners of petroleum have de- 
voted considerable effort, money, and 


for the economical removal of these 
waxes from petroleum fractions. 
Great advances have been made in 
this respect during the past 25 years, 
resulting in the extensive use of sol- 
vents for dewaxing. The history of 
the developments and a brief descrip- 
, tion of the processes currently in use 
for removal of wax from petroleum 
oils and the production of waxes suit- 
able for commercial utilization are 
included. The major present - day 
problems confronting the refiner and 
the trends in research designed to 
solve these problems also are stated. 





Polymerization of Hydrogen Gases to Motor Fuels* 


Dewaxing and 


time to the development of methods . 


first, closely followed by catalytic 
units operating at temperatures of 
280 to 475 F and pressures of 200 to 
1200 psi. 

At present thermal polymerization 
finds its greatest application in com- 
bination with thermal reforming of 
naphtha. Catalytic polymerization 
has proved highly successful, as is 
indicated by the fact that one com- 
pany alone has licensed over 150 
‘plants to date. 


Deasphalting* 


The asphaltic materials comprising 
resins and asphaltenes contained in 
petroleum, because of their instabil- 
ity and excessive carbon-forming 
tendency, are undesirable compon- 
ents of finished lubricating oils. The 
problem of obtaining the ultimate 
separation between the valuable oil 
fractions and the asphaltic materials 
has confronted the refiner since the 
beginning of petroleum processing. 
Prior to 1925, the principal methods 
employed for this purpose were dis- 
tillation, chemical treatment, and ad- 
sorption. These methods were de- 
ficient in many respects and im- 
proved were sought. With the intro- 
duction of high vacuum distillation 
and the selective precipitation of the 
asphaltic materials with propane, in- 
creased recovery of the valuable high 
viscosity oil fractions has been 
realized. These processes are the 
principal ones in commercial use to- 
day for deasphalting of petroleum. 


*Abstract from American Chemical Society. 
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serviceable life of 14-in. steel may ! 
expected to be at least 8 years s:d. 
therefore, such a replacement appe..rs 
to be justified. Also there is shown 1 :at 
galvanized and aluminum roofs require 
service lives of 9.8 and 12.5 years ai 20 
per cent interest. The life of either «al. 
vanized or aluminum roofs in corro-ive 
service has not been clearly establis!ied. 
however, there have been reports from 
other companies that life greater than 
10 years is possible. Life of this magni. 
tude would be sufficient for economic 
justification under severe corrosive ©on- 
ditions. Similarly, in Table 7, organic 
resin and bituminous coatings indicate 
that 3.0 and 2.8 years respectively, are 
required to break even when 0 per cent 
interest is assumed. 

The service life of coatings is ques- 
tionable, however, and may not be much 
beyond 2 or 3 yrs in roof applications. 
Consequently, at a 6-yr normal steel 
life, there would be no dollar advantage 
for a protective coating. 


Summary and Conclusions 


In general, this study has indicated 
that: 1, More consideration should be 
given to increasing the thickness of steel 
roof installations; 2, in cases of severe 
corrosive condition, aluminum or gal- 
vanized steel replacements may be war- 
ranted; and, 3, extensive use of coatings 
for roof protection should not be made 
until the relatively long service life nec- 
essary for their justifications is estab- 
lished by actual trial installation in the 
field. 

A broad analysis of the comparisons 
shown in Tables 6 and 7 indicates that 
14-in. steel roof plates should be used 
for repairs of tank roofs having less, and 
in some cases more, than 8 years’ nor- 
mal service life. Because of the likely 
long life of galvanized and aluminum 
roofs their use appears warranted 
where normal service life of 3/16-in. 
steel plate is less than 6 yrs. This is par- 
ticularly evident for tanks with a diam- 
eter less than 50 ft. Coating life, for bi- 
tuminous and organic resin base, longer 
than 2 to 3 years must be obtained to 
compete, even under the most favorable 
consideration, with the use of heavier- 
gage steel plate or galvanized steel and 
aluminum. 

Although the development of this 
evaluation and the results which have 
been presented are specific in applica- 
tion to The Atlantic Refining Company, 
the approach and methods employed 
and the interpretation of the results can 
be applied in a similar manner to any 
other company’s consideration of the 
same or different methods for tank-roof 
protection or replacement. 


Glossary 


X = horizontal cross-sectional area of 
the tank, in square feet. 

N = number of coats of protective 
paint applied. 
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Dependable Flow Conttaol 
= Specify POWELL VALVES 


The amazing growth of the Oil Industry—not only in volume produced, 
but in the development of innumerable new petroleum products—has 
created a tremendous demand for all kinds of valves. 


er @ Se se 


Powell, with extensive manufacturing facilities and an enviable back- 
ground of making dependable valves, has met this issue squarely by 
= supplying the right valves—both stock and special designs—to handle 

_ : the flow of fluids in petroleum refineries and petro-chemical plants 
” -_ “ throughout the country. 


Wherever oil, water, gas, steam or a corrosive fluid must be piped, 
there’s a Powell Valve to control it to your complete satisfaction. 


el Fig. 2491—150-pound O. S. & Y. The Wm. Powell Company 
re Gate Valve with precision-fitted, 


~ s — 
|. quickly interchangeable, solid or Cincinnati 22 


split wedge. Stem is threaded and . 
i guided through revolving bushing Ohio 
ZS in upper yoke, which has a com- 
le pression lubricant fitting. Avail- 
able in a wide variety of corro- Body Bronze Mounted Gate ~ 
b sion resisting metals and alloys. Valve with bolted flanged 
4 Also made with screwed ends. ; yoke, outside screw rising 
he stem, tapered solid wedge. 
Sizes 2” to 30”, inclusive. 


Fig. 1793 — 125-pound Iron 


' Fig. 3003—300-pound Cast Steel 
or- ; Gate Valve. Flange ends outside 
sly ie screw rising stem, bolted flanged 
im i yoke and tapered solid wedge. 


any E a : j Fig. 375—200 - pound 
the ‘ j Bronze Gate Valve. 
oof Screwed ends, union 
bonnet, inside screw 
rising stem and re- 
newable ‘‘Powellium’”’ 
£ wear-resisting nickel- 

a of bronze disc. 


tive 


Fig. 2453-G.— Large size 150-pound 
Stainless Steel O. S. & Y. Gate Valve 
with precision-fitted, accurately guided 
solid or split wedge. These are inter- 
changeable. Made with separable yoke 
arms in sizes 5” to 30”, incl. Conforms 
to all the latest standards. Available 
in a wide selection of other corrosion- 
resisting metals and alloys. 


Fig. 1561—150- pound Cast 
Steel Swing Check Valve with 
flanged ends and bolted cap. 


| POWELL VALVES 


: * % In Bronze, Iron, Steel and Corrosion-Resisting Metals and Alloys. 
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Houdriforming at Low Pressure’ 


West Texas sweet mixed-base naphtha was reformed and 
all naphthenes in charge stock converted to aromatics 


J. C. DART*, A. G. OBLAD*, J. W. SCHALL* 


Tu production of aromatic concen- 
trates and high octane-number motor 
gasolines from petroleum naphthas by 
Houdriforming has been described in 
previous publications.’:?»* Houdriform- 
ing for aromatics production is limited 
principally by thermodynamic consid- 
erations. Substantially equilibrium 
amounts of benzene, toluene, and xylenes 
can be obtained from the five and six- 
membered ring napthenes found in pe- 
troleum naphthas. Low-octane straight- 
run motor naphthas can be processed to 
high yields of high-octane gasoline. 
Houdriforming normally employs the 


+Presented to a session on production of aro- 
matics during the 17th Mid-Year Meeting of the 
American Petroleum Institute’s Division of Re- 
fining, in the St. Francis Hotel, San Francisco, 
California, May 14, 1952. 

*Houdry Laboratories, Houdry Process Corp., 
Marcus Hook, Pennsylvania. 








TABLE 1. Inspections of West Texas 
sweet mixed-base naphtha. 





Gravity, deg API - 55.4 
ASTM Distillation, Deg F: 

Initial boiling point 

5-per-cent point 

10-per-cent point 

20-per-cent point 

30-per-cent point 

40-per-cent point 

50-per-cent point 

60-per-cent point - 

70-per-cent point - 

80-per-cent point 

90-per-cent point 

95-per-cent point 

End point 
Recovery, per cent by volume_ 
Reid vapor pressure at 100 F, lb 
Sulfur, per cent by weight 
Octane Numbers: 


F-1, without TEL addition 
F-1, with addition of 3 ml 
TEL per gal 
F-2, without “TEL addition. 
F-2, with addition of 3 ml 
TEL per gal 
Chemical Composition, per cent by 
volume: 
Paraffins 46 
Olefins NS) pe 1 
Naphthenes 41 
Aromatics 12 


. 228 
.. 238 
. 241 
.. 245 
. 249 
.. 254 
. 260 
. 269 
. 276 
. 288 
303 
314 
332 


99.0 
1.0 
0.07 


48.7 


67.0 
46.6 


65.1 


minimum operating pressure consistent 
with the elimination of coke formation. 
This minimum operating pressure neces- 
sary for continuous operation varies 
with the type and nature of the charge 
stuck and with the specific product or 
products desired. The purpose of this 
paper is to show the applicability of 
Houdriforming a typical motor naphtha 
in continuous non-regenerative opera- 
tion at relatively low pressure. 

Data are presented that illustrate the 
results obtained when a commercially 








available West Texas sweet mixed-base 
naphtha was processed at an operating 
pressure of 275 psig. This stock was 
processed to obtain maximum yields of 
both aromatics and high octane-number 
motor gasoline. The process data were 
obtained with the use of a single batch 
of Houdriforming catalyst in continuous 
operation in a three-reactor adiabatic 
pilot unit. Inspections of the West Texas 
sweet mixed-base naphtha are presented 
in Table 1. The naphtha contains a total 
of 41 per cent by volume of naphthenes, 





TABLE 2. Summary of adiabatic pilot-unit data. 





Charge Stock 


Run No. 
Operating Conditions: 
Space rate, volume of oil per hour per 
volume of catalyst 
Inlet temperature (reactors No. .8 2 and 


), 


Recycle-gas-to-oil mol ratio. 


Operating Data: 
Recycle-gas purity, mol per cent of H2.... 
High-pressure gas ‘‘make,” standard cubic 
ee rere 
Temperature drop, deg F: Reactor No. 1. 
No. 2. 
No. 3.. 
Yields, Per Cent of Charge: 
Aromatics, per cent by volume....... 
Cs+ gasoline, per cent by volume. . 
C4’s, per cent by volume 
C4+ gasoline, per cent by volume 
10-lb-RVP gasoline, per cent by volume. . 
Extraneous C4’s for 10-lb-RVP we 
per cent by volume 
Propane, per cent by weight. 
Ethane, per cent by weight. . . 
Methane, per cent by weight 
Hydrogen, per cent by weight 


Cs+ 
Inspections: Gasoline 
Gravity, deg API.. ; 46.2 
ASTM distillation, deg F: 
Initial boiling point. ae 181 
10-per-cent point....... ii 232 
30-per-cent point... . 249 
50-per-cent point... . 265 
70-per-cent point... . 
90-per-cent point... . 
95-per-cent point 
I og ag ai cio o's ; 
Recovery, per cent by volume 
Reid vapor pressure, lb j 
Sulfur, per cent by weight. 


Octane numbers: 
F-1, without TEL addition . 
F-1, with addition of 3 ml TEL per ‘gal. 


F-2, without TEL addition. ... 

F-2; with addition of 3 ml TEL per gal. 
Chemical composition, per cent by volume 

of gasoline: 


Par: 

Olefins. . 

Naphthenes. . ae ee Pe 
Aromatics......... i ee 





co. ce 


_ 
nuorrK oO Sxrweo 


Oomo 


aeas © 


= 
> 


Cs+ 
Gasoline 
47.8 


123 
222 
250 
265 
286 
321 
341 
371 


West Texas Sweet Mixed-Base Naphtha 
(228 to 352-F End-Point) 


2 





10-lb- 
RVP 
Gasoline 


10-lb- 
RVP Cs+ 
Gasoline Gasoline 
48.3 41.5 


92 149 
213 218 
247 
268 
290 
323 
342 
373 
98.5 93.1 
1.9 10.2 
Nil— 
0.002 


Cs 
Gasoline 
44.3 


Gasoline 
45.5 


98.3 98.2 
Isooctane Isooctane 
0.44 +0. 55 
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including approximately 14 per cent by 
volume of alkylcyclopentanes. The naph- 
tha was processed at three different con- 
ditions of space rate (volume of oil per 
hour per volume of catalyst) and reactor 
inlet temperature. An operating pres- 
sure of 275 psig and a recycle-gas-to-oil 
mol ratio of 5 were maintained in all 
runs. Data were obtained at a volume 
space rate of 3.0 and reactor inlet tem- 
peratures of 950 and 975 F, and at a vol- 
ume space rate of 1.5 at a reactor inlet 
temperature of 975 F. Thus, for these 
runs, severity was increased at constant 
space rate by an increase in reactor in- 
let temperatures and was increased at 
constant reactor inlet temperatures by 
a decrease in space rate. A detailed 
summary of the operating conditions, 
product yields, and inspections of prod- 
ucts is shown in Table 2. 

As indicated in Table 2, high yields 
of aromatics were obtained. Aromatics 
in product represented 46.0 per cent 
by volume of charge at the least severe 
operating conditions of 3.0 volume space 
rate and at 950 F reactor inlet tempera- 
tures. The maximum possible quantity 
of aromatics in product, assuming 100 
per cent conversion of the total naph- 
thenes to aromatics plus the aromatics 
in the charge, is 46.4 per cent by volume 
of charge. 

As shown by Table 2, the equivalent 
of essentially 100 per cent conversion 
of total naphthenes in the charge to 
aromatics was realized at the least 
severe operating conditions. It is appar- 
ent, therefore, that not only all of the 
cyclohexane homologs were converted 
to aromatics, but also all of the alkylcy- 
clopentanes were converted to aromatics. 
This exemplifies both the excellent 
dehydrogenation and dehydroisomeriza- 
tion properties of the Houdriforming 
catalyst. 

Reactor inlet temperatures were in- 
creased from 950 to 975 F in order to 
obtain the data in the intermediate 
severity level. Operation at these condi- 
tions resulted in an aromatics yield of 
30.5 per cent by volume of charge. 
When the space rate was reduced from 
3.0 to 1.5 at reactor inlet temperatures 
of 975 F, the yield of aromatics fur- 
ther increased to 54.5 per cent by vol- 
ume of charge. At these latter condi- 
tions, approximately 8 per cent by vol- 
ume of aromatics based on charge, or 
25 per cent more aromatics, were ob- 
tained which could not be accounted for 
by conversion. of the naphthenes avail- 
able in the charge stock. These addi- 
tional aromatics were undoubtedly ob- 
tained by aromatization of paraffins. 
Thus 22 to 25 per cent by volume of 
the paraffins in the charge stock must 
have been converted to aromatics. These 
data indicate a substantial activity of 
Houdriforming catalyst for the aroma- 
lization of paraffins. 


The experimental data on the yields - 


and octane numbers of the gasolines 
shown in Table 2 are presented graph- 
ically in Fig. 1. These curves indicate 
the yield-octane relationships obtained 
in this study. The 10-Ib RVP: gasoline 
was obtained by pressuring with a blend 
of hutanes containing 50 per cent iso- 
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FIG. 1. Yield-octane relationship obtained with West Texas 
sweet mixed-base naphtha. 
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FIG. 2. Light product distribution vs octane number obtained 
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butane and 50 per cent normal butane. 
This 10-lb RVP gasoline yield would 
be increased 1 to 2 per cent by volume 
if 100 per cent normal butane had been 
used for blending. 

The run at the least severe conditions 
resulted in a C,-+ gasoline yield of 88.4 
per cent by volume at an F-1 unleaded 
octane rating of 86.6. This gasoline, 
when pressured to 10 lb RVP with 2.6 
per cent by volume of butanes produced, 
plus 9.0 per cent by volume of outside 
butanes, results in a yield of 100.0 per 
cent by volume of 10-lb RVP gasoline. 
The 10-lb RVP gasoline has a leaded 
(3 ml TEL per gal) F-1 octane rating 
of 95.7. 

Operation at the intermediate sever- 
ity level resulted in a yield of 96.2 per 
cent by volume of 10-lb RVP gasoline, 
which had an F-1 unleaded octane 
rating of 92.6 and a leaded (3 ml TEL 
per gal) F-1 octane rating of 100.0. 

The run at the most severe operating 
conditions produced a C,+ gasoline 
yield of 80.0 per cent by volume at the 
extremely high F-1 unleaded octane 
rating of 98.3. The leaded (3 ml TEL 
per gal) F-1 octane rating of the C,+ 
was isooctane plus 0.44 ml TEL per gal. 
The 10-lb RVP gasoline yield for this 
98.3 F-1 unleaded high-octane gasoline 
was 90.2 per cent by volume. This gaso- 
line required 4.7 per cent by volume of 
outside butanes. 


The preceding data indicate that ex- 
cellent yield-octane relationships and 
very high octane numbers can be ob- 
tained with Houdriforming catalyst in 
a relatively low-pressure operation. 

The gasoline obtained from the run 
at the least severe conditions was tested 
for color, stability, and gum content. 
The gasoline was not treated, nor were 
inhibitors used. The results are as fol- 
lows: 


Sy ae Me nO 1 
A a a +25 
Copper-dish gum, mg —..... 1.4 
Accelerated gum, mg__..... 1.1 


The stability and color of this gasolin 
are excellent, and the gums are ex- 
tremely low. 

The distribution of light-hydrocarbon 
products, obtained when this charge 
stock was processed is shown in Fig. 2 
as a function of F-1 unleaded octane 
rating of the C,+ gasoline. Very low 
yields of gaseous products were ob- 
tained. At the 98.3 F-1 unleaded octane 
level, only 7.2 per cent by weight of 
dry gas (C, and lighter hydrocarbons) 
was obtained. This consisted of 3.2 per 
cent by weight of propane, 2.5 per cent 
by weight of ethane, and 1.5 per cent 
by weight of methane. The yield of 
butanes varied from 2.6 per cent by 
volume at 86.6 F-1 unleaded octane 
number to 5.5 per cent by volume at 
98.3 F-1 unleaded octane. The relatively 





M. L. Boyd and D. S. Montgomery, 
Mines Branch, Department of Mines 
and Technical Surveys, Ottawa, 
Canada. 


The original bitumen and the as- 
phaltene fraction were studied by the 
graphical statistical method of Van 
Krevelen. A method is described for 
separating the bitumen on the basis 
of molecular size and chemical type. 
The oil and resin fractions were ex- 
tracted from the bituminous sand 
with n-pentane. The asphaltenes were 
then extracted from the sand with 
carbon tetrachloride. Then pentane 
extract was separated into a pale yel- 
low oil fraction and a series of resin 
fractions by elution chromatography 


Robert W. Stone and Claude E. 
ZoBell, Pennsylvania State College 
and The Scripps Institution of 
Oceanography. 

Bacteria capable of catalyzing the 
chemical transformation of virtually 
all types of organic matter are abund- 
ant in recent marine sediments. 
Viable organisms have also been re- 
covered at appreciable depths from 
ancient sediments, including oil well 
brines, where they might be bio- 
chemically active as indicated by 
their tolerance for salinity, tempera- 
ture, and hydrostatic pressure. 

If we are to assume that petroleum 





Study of Athabaska Bitumen from Abasand Quarry* 


Bacterial Aspects of the Origin of Petroleum* 


*Abstract from American Chemical Society. 


on Florex, using a graded series of 
eluents. The oil fraction was sepa- 
rated into the paraffin and aromatic 
classes by chormatography on silica 
gel using the technique of Clerc, Kin- 
cannon, et al. The saturated class of 
hydrocarbons was further chromato- 
graphed on activated carbon and the 
fractions were subjected to ring 
analysis. The aromatic portion eluted 
from the silica gel with toluene was 
also rechromatographed on activated 
carbon. — 

The physical properties of these 
fractions were compared with those 
obtained by Mair on the analysis of 
the lubricant fraction of Mid-Contin- 
ent petroleum. 


originated from the organic remains 
of plants and animals, it follows that 
bacteria must have contributed to the 
first stages of the process, because all 
such organic matter undergoes mi- 
crobial modification. Moreover, as 
bacteria affect the pH, redox poten- 
tial, and gas tension of marine sedi- 
ments, they may influence the preser- 
vation of organic materials. The ac- 
tion of micro-organisms in the actual 
generation of petroleum hydrocar- 
bons still. remains in the realm of 
speculation, but present knowledge 
leaves ample room for bacteria to 
play at least a strong supporting role. | 
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low yields of light hydrocarbons are 
typical for Houdriforming. 

Large quantities of hydrogen-rich gas 
were produced and obtained from the 
high-pressure gas separator in eaci: of 
the three runs. The high-pressure gas 
“make” increased from 1090 std cu ft 
per barrel of charge at the least severe 
conditions to 1380 std cu ft per barrel 
at the most severe conditions. The 
hydrogen content of this gas decreased 
from 92.5 mol per cent to 85.0 mo! per 
cent as severity of operation was in- 
creased. These large quantities of hydro. 
gen-rich gas can be a valuable byprod- 
uct in cases where the hydrogen could 
be utilized. 

As was mentioned previously, the cat- 
alyst with which these data were ob- 
tained was in continuous use through- 
out this study. The greater part of the 
operation was carried out at the least 
severe operating conditions. During 
processing at these conditions, the yield 
of aromatics and the yield and F-] 
unleaded octane rating of the C,+ 
gasoline remained constant. Very little 
change was obtained in either the total 
temperature drop or temperature pro- 
file in each reactor. These are all indica- 
tions of stable catalyst activity. 

At the end of the program a check 
run was made at the least severe oper- 
ating conditions in order to determine 
whether operation at extremely high 
F-1 unleaded octane levels had affected 
the catalyst adversely. This check run 
resulted in exactly the same yield of 
aromatics and the same yield and F-1 
unleaded octane rating as was ob- 
tained earlier in the study. Thus opera- 
tion at the more severe conditions ap- 
parently had no adverse effect on the 
catalyst. 

Although .only 3.4 bbl of oil per 
pound of catalyst were processed dur- 
ing this study, indications are that sev- 
eral months of continuous operation 
could be obtained with little or no 
change in product distribution or qual- 


ity. 


Conclusion 


1. Houdriforming catalyst can be 
used to reform commercially available 
naphthas at low pressure. Extremely 
high yields of aromatics are produced 
both by conversion of naphthenes and 
by substantial aromatization of paraf- 
fins. Excellent yield-octane relationships 
are obtained when motor naphthas are 
reformed. 

2. Several months of continuous op 
eration, with little or no change in prod: 
uct distribution or qualtiy, are indi 
cated when this stock is processed at low 
pressure. . 
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Fluid Hydroformer at Destrehan' 


P 721.35 


The first commercial hydroforming unit to use the fluid- 
ized catalyst technique will process Gulf Coast naphtha 


JAMES E. SEEBOLD,' J. W. BERTETTI,? J. F. SNUGGS,? and J. A. BOCK? 


Tue first commercial hydroforming 
unit to use the fluidized catalyst tech- 
nique will be put into operation this 
year at the Destrehan, Louisiana, refi- 
nery of the Pan-Am Southern Corpora- 
tion. Although the fixed-bed hydroform- 
ing process for producing high-octane 
gasoline from low-quality naphthas has 
enjoyed wide acceptance by the oil in- 
dustry, it is only recently that the fluid 
catalyst technique, extensively. applied 
in the field of catalytic cracking, has 
been adapted to hydroforming. 

The new fluid hydroforming enjoys 
many advantages over the fixed-bed 
process. The cost of construction and op- 
eration is lower; product yield and 
quality are better; and operation and 
maintenance are simpler. These advan- 
tages result largely from the continu- 
ous nature of the process, the substan- 
tially improved catalyst temperature 
and activity control obtainable, the im- 
proved catalyst utilization, and the im- 
proved contacting. 

The Destrehan fluid hydroforming 
unit is designed to process Gulf Coast 
naphtha for the production of high-oc- 
tane aviation or motor-gasoline blending 
stocks. 


Oil Flow 


The general process flow is shown in 
Fig. 1. Naphtha feed and recycle gas 
will be preheated first by exchange 
against hot reactor effluent and then in 
furnaces. Preheated feed, recycle gas, 
and regenerated fluid catalyst will en- 
ter the reactor near its base. Vapor will 
flow upward through the fluidized cat- 
alyst bed, through a catalyst-disengaging 
space, and then through two stages of 
cyclone separators. After having passed 
through the recycle-gas and naphtha- 
preheat exchangers, the reactor effluent 
will enter the fractionator near its base. 
The hydroformate, cut to the desired end 
point, will be taken overhead from the 
tower; and higher-boiling polymer will 
be removed from the bottom. Catalyst 
slurry withdrawn from the bottom of 

tPresented to a session on production of 
> eager" oe the 17th mid-year meeting of 
Reon eae Be Pe eee 
cisco, California, May 14, 1952. 
nh ae Oil Company (Indiana), Chicago, 


*!'an-Am Southern Corporation, New Orleans, 
OUSsiana, 


Ina wandard Oil Company (Indiana), Whiting, 
Neiana. 
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FIG. 1. Fluid hydroformer at Destrehan. 








the fractionator will be returned to the 
reactor. 

The gas and hydroformate taken over- 
head from the fractionator will be 


- cooled, partly condensed, and passed 


into the reflux drum. Part of the gas 








TABLE 1. Design process conditions. 





Reaction Conditions 


Hydroforming 

temperature, deg F__ _. 930 
Naphtha preheat, deg F _. 940 
Recycle-gas preheat 

(maximum), deg F- 1300 


Pressure, psig -.....--...---. 250 
Space velocity, pounds of 
naphtha per hour per pound 


of catalyst in the reactor__ 0.45 
Catalyst-to-oil ratio, pounds 

of catalyst circulated per 

pound of naphtha... == S035 


Recycle-gas rate, standard cubic 
feet per barrel of naphtha... 6000 
Recycle-gas. hydrogen content, 
mol per cent... S60 
Regeneration Condition 
Regeneration temperature. 
deg F _ 
Pressure, psig - 


1100 
260 











from the reflux drum will be taken to the 
gas compressor to be recycled to the re- 
actor; the remainder will flow to an ab- 
sorber (not shown), where the butanes 
will be recovered. The liquid from the 
reflux drum will be charged to the sta- 
bilizer to produce a debutanized product. 

Design process conditions are shown 


in Table 1. 


Catalyst Flow 
Regenerated catalyst will flow con- 
tinuously into the reactor, where tur- 
bulent mixing with hydrocarbon va- 
pors results in efficient contacting and 
uniform temperature conditions. Spent 
catalysts will be lifted by recycle gas 
through a riser into a hopper located 
above the reactor. Here the spent cat- 
alyst will be stripped with steam or re- 
cycle gas. Spent catalyst from the hop- 
per will flow through a standpipe into 
the regenerator. Regenerated catalyst 
will flow from the base of the regen- 
erator through a standpipe into the re- 

actor, completing its circuit. 


Catalyst Regeneration 
The catalyst will be regenerated by 
continuous combustion of the small 
amount of catalyst’ deposit. Compressed 
air will enter the regenerator at its base. 
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Surplus heat will be removed through 
vertical water tubes mounted inside 
the regenerator and partly submerged 
in the fluid bed of catalyst. Steam will 
be generated at approximately regen- 
erator pressure so as to minimize leak- 
age. Flue gas which leaves the top level 
of the fluidized bed will pass through 
a disengaging space in the regenerator, 
and then through ceramic filters to re- 
move any entrained catalyst. Operation 
of the ceramic filters will be rotated so 
that three units will be on stream while 
a fourth is being blown back with hot 
air. The flue gas will pass through a 
pressure-control valve and silencer be- 
fore release to the atmosphere. 


Catalyst Storage 


The unit will be provided with a fresh 
catalyst storage drum (not shown in Fig. 
1). An eductor system will be used for 
fresh catalyst unloading. Ceramic fil- 
ters will be used to minimize loss of 
catalyst fines. Catalyst can be trans- 
ferred to or from the unit while it is 
operating by the use of a catalyst trans- 
fer drum. 


Process Control 


The reactor pressure will be con- 
trolled by throttling the reactor efflu- 
ent. The regenerator pressure will be 
controlled by throttling the flue gas. The 
regenerator temperature will be con- 
trolled by varying the catalyst bed level 
so as to change the submergence of the 
water tubes. The bed level in the regen- 
erator will be controlled by the slide 
valve in the spent catalyst standpipe. 
The bed level in the spent catalyst hop- 
per will be controlled by the slide valve 
in the spent catalyst standpipe. The 
pressure drop across each of these slide 
valves will be approximately 5 psi. The 
bed level in the reactor will be fixed by 
the catalyst inventory of the system. The 
rate of catalyst flow will be adjusted by 
the plug valve and the rate of gas in- 
jection used in the spent catalyst ‘riser. 


Equipment 

Dimensions of the major vessels of 
the unit are shown in Table 2. All of 
these vessels will be fabricated from 
carbon steel. Refractory liners will be 
used in the reactor, regenerator, and 
catalyst transfer drum. The standpipes 
will be 4-in. schedule 160 carbon-steel 
tubing. High-temperature furnace tubes 
and the transfer lines will be of alloy. 
Single slide valves will be used in each 
of the standpipes, and a plug valve of 
special design will be used at the bot- 
tom of the spent catalyst riser. 

The plot dimensions for the unit are 
approximately 145 ft by 145 ft. The ele- 
vation at the top of the spent catalyst 
hopper is 125 ft. 


Operating Flexibility 
Allowance has been made for a high 
degree of operating flexibility in the 
design of the Destrehan unit. It will be 
capable of processing an unusually wide 
range of feed stocks, including high- 
boiling naphtha, mixtures of straight- 
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run and cracked naphthas, and high- 
sulfur naphthas. It can produce benzene 





TABLE 2. Vessel dimensions. 








Inside Diameter Length 
(Feet) (Inches) (Feet) 
Reactor ee 0 70 
Spent catalyst 
hopper _..__.. 2* 4 31 
Regenerator __3 0 30 
Fractionator __4 0 35 
Stabilizer __3 0 58 
Catalyst-storage 
om 6 0 41 
Catalyst-transfer 


um 4 6 12 





TABLE 3. Motor-gasoline yields and 


octane numbers. 








Basis: Gasoline with a Reid vapor pres- 
sure of 10 lb and an end point of 400 F 
F-1 Octane Number (without 


TEL addition: ) 95 85 
Naphtha-feed rate, barrels 
per stream day... 2000 2750 
Products: 
Gasoline yield, per 
cent by volume__ _ Sas Wi 
Extraneous butanes included, 
per cent by volume. 3.2_—s:110 


Gasoline, barrels 


per stream day...______1744 2777 
Dry gas, 
pounds per hour.__2730 1890 


Catalyst deposit, 
pounds per hour ___ 110 110 
Octane numbers for 
motor gasoline: 
F-1 (without 
TEL addition)... 95 85 
F-1 (with addition of 3.0 
ml TEL per gal). 101 96 
F-2 (without 


TEL addition) _..__..—s-—- 84 76 
F-2 (with addition of 3.0 
ml TEL per gal) _ 90 85 








TABLE 4, Aviation-gasoline yields 
and octane numbers. 





C,’s to 335-F-end-point gasoline: 
Yield, per cent by volume... 74 
F-3 blending octane number 
(with addition of 4.6 
ml TEL per gal). 97 
F-4 blending index number 
(with addition of 4.6 
ml TEL per gal)__ 165 
7-lb RVP 335-F end-point gasoline: 
Yield (with isopentane added), 
per cent by volume. 94.6 








or toluene, or both, by proper selection 
of feed stocks and operating conditions 
—although recovery facilities for these 
materials are not presently being pro- 
vided. The gas-recycle rate can be va- 
ried, and sufficient overcapacity has 
been included in the combustion-air 
compressor to permit catalyst regenera- 
tion at substantially more than the de- 
sign rate. The naphtha-preheat tem- 
perature can be increased from the de. 





sign temperature of 940 F to a maxi- 
mum of 1050 F. The catalyst-to-oil ra- 
tio can be reduced from the design ra. 
tio of 0.35, or it can be increased to 1.0 
or more. Provision has been made for 
the use of new and improved catalysts 
as they become available. 


Catalyst 
The catalyst to be used will be molyb- 
dena -on-alumina which contains ap- 
proximately 10 per cent molybdenum 
trioxide. The initial particle-size distrj- 
bution will be about as follows: 


Per Cent 
Finer than 20 microns... 5 to i0 
20 to 40 microns... Over 20 
Coarser than 80 microns _Under 30 


This distribution is similar to that ob- 
tainable in commercial grades of fluid 
catalytic cracking catalyst. The attri- 
tion resistance of the catalyst will be 
equal to or better than that of the more 
resistant grades of synthetic fluid crack- 
ing catalyst. 

Catalyst discarded from a commercial 
fixed-bed hydroformer will be used to 
start up the unit, scour it out, and pro- 
vide initial operating experience. This 
catalyst will be subsequently replaced 
by fresh catalyst available from com- 
mercial suppliers. 


Process Results 

The Destrehan fluid hydroformer is 
designed primarily for high-intensity 
operation to produce a high-quality hy- 
droformate suitable for use either in 
aviation or motor gasoline. Lower-inten- 
sity operation at higher throughput will 
produce a lower-quality hydroformate 
suitable for use in motor gasoline. 

Motor-gasoline yields and _ octane 
numbers for both types of operation are 
shown in Table 3. Aviation-gasoline 
yields and octane numbers for the high- 
intensity operation are shown in Table 
4. The design feed stock boils at tem- 
peratures between 220 and 335 F, and it 
has an API gravity of 53 deg and an 
F-1 octane number of 60 without TEL 
addition. 

Although the catalyst deposit. as 
shown in Table 3, is 110 lb per hour, the 
regeneration load is greater in terms of 
carbon equivalent. Allowances for the 
hydrogen content of the catalyst de- 
posit, for entrainment of hydrocarbons 
with catalyst which passes to the regen- 
erator, and for oxidation of metallic 
constituents of the catalyst require air 
for combustion of 280 Ib per hour of car- 
bon equivalent. 


Operating Costs 

The normal utilities’ requirements 
for high-intensity operation at a through- 
put of 2000 bbl per stream day are 
shown in Table 5. Estimated operating 
costs are shown for the high-intensity 
operation at low throughput, and for the 
alternative operation at lower intensity 
and higher throughput. The utilities 
costs are based on fuel gas at 3 cents 
per gallon of fuel-oil equivalent, and 
steam at 40 cents per 1000 lb. It has 
been assumed that two men, with super- 
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Instantaneous water quenching of spot-welds, bonding stainless liners to carbon 





steel plate, is just as effective as though it were done submerged in a fish bow!l! 





THE PETROLEUM ENGINEER, Reference Annual, 1952 


preserves corrosion properties of 
stainless liner in SMITHlined vessels 


An exclusive A.O.Smith technique makes sure 
that stainless lining spot welded to carbon steel 
plate, retains its original corrosion-resistant prop- 
erties in process equipment. 


Closely and precisely spaced spot-welds that in- 
separably bond the liner to the load-bearing vessel 
walls are instantly quenched in water at the time of 
welding. The interval of critical temperature is so 
short that preferential attack is avoided. 


The automatic equipment employed in this op- 
eration is A. O. Smith designed and built. Simulta- 


neously, it joins liner to base under great hydraulic 
pressure, = ap the welding current and floods 
the spot with quenching water. 


No wonder SMITHlined pressure vessels have 
records of more than twenty years in corrosive 
service without failure. 


For assurance of superiority in vessel design and 
construction, and for aid in solving vessel appli- 
cation problems, cail on A. O. Smith where the 
industry’s leading laboratory, design and engi- 
neering groups are at your service. 








VESSELS »- HEAT EXCHANGERS 





Boston 16 + Chicago 4 + Cleveland 15 «+ Dallas 2 

Denver 2 + Houston2 « Los Angeles 22 «+ Midiand 5, 

Texas « New Orleans « New York 17 « Philadelphia 3 

Pittsburgh 19 ¢ San Francisco 4 + Seattle 1 + Tulsa 3 
Washington 6, D.C. 

International Division; P.O. Box 2023, Milwaukee 1 
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Complete Line of 


COMBUSTION 


ACCESSORIES 











































for EVERY 
INDUSTRIAL LIQUID FUEL-GAS INSTALLATION 


Air Control Door and Frame, top hinged, ratchet type, heavy duty, for 

manual control. Surfaces are machined to a close fit. 

2. Fuel Oil Suction Strainer, single type. Large basket area insures low 
pressure drop; cover and basket easily removed for cleaning. 

3. Wide-View Peephole, safety, curtain type. Cobalt glass removed to 
show bearing surface for curtain. Curtain halves are interlocked— 
open simultaneously. 

4. Ignition Port with Refractory Tile No. M896 .. . for use with standard 
3” pipe. Also serves as a peephole. 

5. Furnace Relief and Access Door, heavy construction, practically air 
tight. Door casting correctly weighted, lined with plastic refractory 
retained by imbedded grill; with observation port and cover. 

6. Fuel Oil Heater, Self-Cleaning, Spiral Coil type. High oil velocity 
in coil, resultant turbulence prevents carbon formation. No internal 
connections or joints. 

7. Fuel Oil Pumping and Heating Unit . . . Twin or Single Pumps, Steam 

driven; Electric driven or combination Steam-Electric, with Single or 

Double Fuel Oil Heaters and accessories for feeding oil at constant 

pressure and temperature. 


. yes, just as we are proud of supplying the right liquid fuel or gas burning 
equipment (over 40 years experience throughout industry), so, also, are we proud 
of our full line of highest quality accessories to supplement your every combustion 
need. Within our modern, “‘daylight"’ factory, salesrooms and general offices 
NATIONAL AIROIL likes and adheres to the phrase, “nothing but the best’! We 
believe that our record speaks for itself . . . i.e.; the “right combination" for you 
in achieving maximum combustion economy is: NATIONAL AIROIL Fuel Oil, Gas 
or Combination Oil and Gas Burning Equipment; NATIONAL AIROIL Combustion 
Accessories; and, NATIONAL AIROIL Engineering Consultation. 

May we be of help to you in accomplishing your particular installation or in 
solving that difficult problem? 





CHEMICAL-PETROLEUM DIVISION 


NATIONAL AIROIL BURNER CO., INC. 











1259 EAST SEDGLEY AVE., PHILADELPHIA 34, PA. 
Southwestern Division: 2512 South Boulevard, Houston 6, Texas 


INDUSTRIAL OIL BURNERS, GAS BURNERS, FURNACE EQUIPMENT | 











TABLE 5. Normal utilities’ 


requirements. 





Basis: Gasoline with a Reid vapor pr-s- 
sure of 10 lb, an end pont of 400 F, and 
an F-] octane number of 95 withou 


TEL addition 
Steam 
Consumed : 
400-psig, pounds per hour______ 4.400 
125-psig, pounds per hour _____ 2650 
Produced: 
250-psig (98 per cent quality) , 
pounds per i =e S258 
30-psig, pounds per hour _____ 2650 


Cooling water: 
90-F supply (30-F rise), 


gallons per minute_____ 1680 
Boiler feed water, 
gallons per minute_____»_»_ 7 
Power: 


Drives and lighting, kilowatts. 130 
Fuel gas (fuel-oil equivalent): 
Furnaces, barrels per stream day 160 
Air and gas compressors, 
barrels per stream day_____ 20 








TABLE 6. Estimated operating costs. 





Basis: Gasoline with a Reid vapor pres- 
sure of 10 lb, and an end point of 400 F 
F-1 Octane Number (without 


TEL Addition) : 95 85 
Naphtha feed rate, barrels 
per stream day__.__. 2000 2750 


Operating costs, cents per 
barrel of feed: 











Utilities a 15 12 
Catalyst 5 4 
Labor 8 6 
Maintenance and 
miscellaneous ________ 12 8 
40 30 
Fuel-gas credit _.._-____ 15 8 
ET , 22 








vision, will operate the unit. Mainte- 
nance and miscellaneous costs are a 
fixed percentage of the investment. 

As indicated in Table 6, the type of 
operation will influence the direct op- 
erating costs. Under high-intensity con- 
ditions the direct cost is approximately 
40 cents per barrel of feed; at the lower 
intensity, this is reduced to 30 cents. If 
credit is taken for the fuel value of the 
dry gas produced, the utilities costs are 
reduced, respectively, 15 cents and 8 
cents per barrel of feed. The resulting 
net costs are 25 cents per barrel of feed 
for the high-intensity operation, and 22 
cents for the lower intensity. 
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FIG. 1. Per cent recovery 
of well stream in low 
temperature separator. 
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LOW TEMPERATURE SEPARATOR TEMPERATURE -'F AT 600 PSIG. 


Low Temperature Gasoline Plants‘ 


These units will lower the minimum size of processing 
plants — add greatly to transmission line efficiency 


Tus paper is devoted to a discussion of 
gas processing as might apply to a lease 
operation. Low temperature separation 
as a basis for gasoline plants of this 
type must meet strict economic consid- 
erations as follows: 

1. Flexibility of design to achieve the 
best balance of efficiency to plant 
cost. : 

2. Flexibility of operation under 
widely varying load conditions. 

3. Simple automatic control with 
maximum safety to insure mini- 
mum operating attention and cost. 

4. High salvage,’ portability and ex- 
pansion possibilities. 

Developments within the field of low 
temperature separation indicate a broad 
application to gasoline plant processing 
both on gas condensate and casinghead 
gas streams. The use of refrigeration is 
especially attractive in small gasoline 
plants. 

The fluid stream may be cooled by 
expansion-refrigeration where high pres- 
Sure wells are considered or by me- 
chanical refrigeration. In some instances 
a combination of the two may be em- 
ployed. In either case the condensate 





Sees revised after presentation at_ Spring 
feciing, Rocky Mountain District, API Divi- 
24-25 196g Casper, Wyoming, April 
24-25, i 
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resulting from the cooling process will 
be rich in all components and will com- 
pare favorably with liquid recovery 
from an absorption process. 

Fig. 1 illustrates the per cent recov- 


ery of the various components as liquid 
in the low temperature separator as a 
function of separator temperature. 
Please note the analysis on which this 
correlation is based. This is the well 
stream analysis of a gas condensate 
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FIG. 2. well. At 0 F, above 90 per cent of the 
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FIG. 3. Stabilization unit with standard low temperature separation. 


gasoline fractions will be recovered. 

Fig. 2 shows the relationship of recov- 
ery at 0 F of the various components 
versus the operating pressures. Here it 
is seen that good results are obtainable 
in the pressure range of 200 psi, which 
is within a single compression stage of 
most lease gas. The analysis in this case 
is low pressure separator gas which con- 
tains a higher per cent of the gasoline 
fraction. 

Natural gasoline specifications re- 
quire a distillation end point of 375 F 
and a Reid vapor pressure of 10 to 34 
psi. The liquid produced in a low tem- 
perature process will not meet these 
specifications as produced. Further proc- 
essing from this point must be studied 
in light of the composition and econom- 
ics of the individual case. The produc- 
tion may be processed to stable conden- 
sate, quality gasoline or gasoline and 
LPG. Please bear in mind that the 
process to be followed here applies in 
general to all types of production. 

Three methods of refrigerating the 
gas stream are commonly used. The 
first two systems described are the ex- 
pansion-refrigeration type applying to 
high pressure streams. The other meth- 
od considers mechanical refrigeration 
as required where inadequate or no ex- 
pansion is available. 

A low temperature gasoline plant 
consists basically of a cooling medium, 


C-42 


a condensate separator and a fraction- 
ator to produce specification gasoline. 
Additional equipment may be used or 


‘ 
; eRe TO 
% STOCK TANK 


required on the basis of the gas compo- 
sition and economics of the individual 
case. 


FIG. 4. Temperature vs pressure drop for natural gas. 
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FIG. 5. Stabilization unit with glycol injection and low temperature separation systems. 
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Fig. 3 shows the flow diagram of a 
low temperature gasoline plant of the 
expansion refrigeration type. Hydrates 
are allowed to form in the separator and 
are directed into a warm body where 
they are melted. Since the low temper- 
ature separation portion of this system 
has been described in detail previous- 
ly, a brief description of the process 
pointing out the factors affecting lease 
recovery will be brought out here. 


The flow through the system in Fig. 
3 is as follows: High pressure well 
stream enters the system through a coil 
in the lower portion of the separator 
where heat is transferred to the liquids 
to form a warm body for melting hy- 
drates and warming separated hydro- 
carbon liquids. 


The high pressure well stream passes 
through a gas-to-gas heat exchanger 
where it is cooled by heat exchange 


with the cold separator gas to a con- 


trolled temperature slightly above the 
hydrate temperature. It then passes 
through a high pressure vessel where 
free water is discharged from the sys- 
tem, or in some cases, water and liquid 
hydrocarbons are discharged into the 
liquid body in the lower portion of the 
low temperature separator. From this 
vessel, the high pressure well stream, 
with or without hydrocarbon liquid and 
still at a pressure slightly above hydrate 
temperature, enters a choke or pressure 
reducing valve where its pressure is re- 
duced to gas transmission pressure with 
subsequent reduction to final separation 
temperature. The approximate amount 
of this reduction in temperature for any 
inlet and outlet pressure combination 
can be determined by chart in Fig. 4. 


The hydrocarbon liquid is heated in 


the lower portion of the separator and 
the balance of the water is removed 
in the separator. The condensate 
passes to the stabilizer and the overhead 
cold gas passes through two heat ex- 
changers and finally to sales. 

The cool condensate, at a controlled 
temperature, is introduced into the sta- 
bilizer on the top tray. The hydrocarbon 
mixture is fractionated and the lighter 
components pass overhead in the vapor 
state. The stable liquid is withdrawn 
from the bottom of the stabilizer. The 
term stable refers to a product with a 
controlled vapor pressure which will 
have essentially no vapor losses at stor- 
age conditions. The cold feed to the 
stabilizer creates its own reflux and re- 
quires no other equipment for refluxing 
the stabilizer. Gas off the stabilizer is 
vented for fuel and instrument gas. If 
the excess gas warrants, it may be re- 
compressed in a single stage and added 
to the sales gas. The stabilizer for this 
type unit has a working pressure of 200 
psig or above. The feed to the stabilizer 
is at approximately 60 F and the bot- 
tom temperature in the stabilizer is 350 
F. At these temperatures and pressures 
it is possible to obtain a sufficient tem- 
perature differential between the feed 
and the equilibrium top tray tempera- 
ture to creaté the required internal re- 
flux in the column. 

Heat is supplied to the stabilizer by 
gravity circulation of the liquid that has 
passed through the fractionating sec- 
tion through an indirect salt bath heat- 
er. This provides stripping vapors for 
the liquid as it flows down the tower. 
The remaining liquid is automatically 
discharged by a liquid level controller 
in the bottom of the stabilizer. 


The liquid is cooled to the storage 
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temperature with cold gas from the low 
temperature separator. From the cooler, 
the stable liquid is sent to storage. 
Where utilities such as water or elec- 
tricity are available, then variations 
in the final cooling of the product are 
possible. 

This type of low temperature plant 
has some features that must be con- 
sidered in its application. These features 
are: 


1. The minimum temperature to 
which the inlet well stream can be 
cooled prior to pressure reduction 
is just above the hydrate temper- 
ature. This dictates the minimum 
temperature of the inlet stream 
and consequently sets the mini- 
mum temperature obtainable in 
the low temperature separator for 
any set of pressure conditions. 


The liquid hydrocarbons must be 
heated in the low temperature 
separator. 


The second type of expansion refrig- 
eration plant is the glycol injection 
system. A flow diagram of this plant is 
shown in Fig. 5. 


The flow through this system is as 
follows: 


The wellstream enters the high pres: 
sure free water knockout and either the 
free water or the water and liquid hy- 
drocarbons are removed. The free water 
is discharged from the system, and con- 
densate is returned to the liquid space 
of the low temperature separator in the 
cases where it is discharged from the 
free water knockout. Sufficient diethy- 
lene glycol is injected into the high pres- 
sure well stream after it passes from free 
water knockout to inhibit hydrate for- 
mation at a minimum system tempera- 
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FIG. 6. Mechanical refrigeration system for low temperature separation. 


ture. The high pressure well stream then 
passes in gas-to-gas heat exchange with 
lower pressure cold gas leaving the 
low temperature separator, where it is 
cooled to give a controlled temperature 
in the low temperature separator. From 
the gas-to-gas heat exchanger, the high 
pressure well stream enters a choke or 
pressure reducing valve where the pres- 
sure is reduced to the gas transmission 
line pressure and the temperature is re- 
duced to the final separation tempera- 
ture. The liquid hydrocarbons are dis- 
charged from the low temperature sep- 
arator cold for further processing and 
the diethylene glycol is discharged to 
the reconcentrator for reconcentration 
and recirculation. 


The cold condensate from the sepa- 
rator is fed at 0 F, or below into the 
stabilizer at the top. This cold feed re- 
quires no other equipment for refluxing 
the stabilizer. 

Condensate is fractionated by the 
same process used in the system de- 
scribed with Fig. 3. The light compo- 
nents pass overhead as vapor, and the 
stable product is withdrawn from the 
bottom of the tower. The bottom prod- 
uct is cooled in a heat exchanger either 
by the cold gas from the low tempera- 
ture separator or cooling water, which- 
ever the case may be. Overhead gas may 
be used for fuel and supply gas. If the 
volume warrants, it may be recom- 
pressed for sales gas. 





B. E. Hunt, S. Mori, and Sidney 
Katz, Institute of Gas Technology, 
Chicago, Illinois. 

A study of a number of phases of 
the reaction of carbon with steam has 
been undertaken with the objective 
of increasing our understanding of 
the fundamentals of the industrial 
manufactured gas processes. This 
paper describes a part of this investi- 
gation, dealing with the reaction at 
elevated temperatures. 

The reaction was studied experi- 
mentally in a carbon bed of constant 
dimensions in a cylindrical reactor, 
mounted vertically and supplied with 
external heat. Steam was passed 
through the reactor at various rates 


and 2500 F, and the gaseous reaction 
products were collected and analyzed. 





of flow, at temperatures between 1800 


Reactions of Carbon With Steam at Elevated Temperatures 


Abstract—American Chemical Society 


Application of the Arrhenius correla- 
tion indicated an initial activation 
energy of 39,000 calories per gram 
mole between 1800 and 2100 F. 
Above 2100 F the energy of activa- 
tion decreases rapidly to a value 
close to zero. 

A hypothesis was advanced which 
assumed that the reaction rate was 
controlled by both diffusional and 
surface reaction mechanisms. The 
test of this hypothesis against the 
experimental data supported the ar- 
gument that either chemical reaction 
at the surface or sorption controls 
the rate below 2100 F, while at higher 
temperatures the reaction rate may 
be explained -by a mass transfer con- 
trolling mechanism. The values of 
the energies of activation are con- 
sistent with these conclusions. 
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Heat is supplied to the stabilizer by 
circulating steam through a coil in the 
bottom of the column. This provides 
stripping vapors for the liquid as it 
flows down through the tower. The low 
temperature feed permits fractionation 
to be carried out at lower pressures than 
the previously described system. The 
cost of stabilization is materially re- 
duced by the low pressure design of the 
stabilizer and the use of 15 psig steam. 

Fig. 6 shows the flow diagram of a 
low temperature system where mechan- 
ical refrigeration and glycol injection 
are used to obtain low temperature sep- 
aration. The flow through the system is 
as follows: The gas stream, either from 
the well or gas gathering system, enters 
the free water knockout where free wa- 
ter is discharged from the system. Suf- 
ficient diethylene glycol is injected at 
this point to inhibit hydrate formation 
at the minimum temperatures reached 
in the system. The gas stream then 
passes through a gas-to-gas heat ex- 
changer where it is cooled in exchange 
with the cold separator gas. The gas 
stream is further cooled to the desired 
temperature in a mechanical refrigera- 
tion chiller. 

The cold gas condensate and glycol 
are separated in the low temperature 
separator. The hydrocarbon liquid pass- 
es to a stabilizer for further processing 
The glycol is separated and returned to 
the reconcentrator for removal of wa- 
ter prior to recirculation in the sys- 
tem. The cold gas passes in heat ex- 
change with the inlet stream and through 
a second exchanger to cool the stabiliz- 
er bottoms before passing to sales. 

Referring again to the flow diagram 
No. 5, it is seen that the processing from 
the low temperature separator would be 
the same for both the mechanically re- 
frigerated system and the glycol injec- 
tion system. 

The mechanical refrigeration will us- 
ually be required to supply approxi- 
mately 50 per cent of the cooling. Due 
to the end temperatures required, the 
compression type refrigeration system 
with ammonia or freon is recommended. 


The last two systems are produced — 


without formation of hydrates. The im- 
portant factors to consider in the last 
two systems are as follows: 

1. The separation temperature is not 
limited by the hydrate tempera- 
ture of the inlet stream. Much 
lower separation temperatures can 
be obtained for any specific set of 
pressure conditions on the expan- 

sion system. On the mechanical 
refrigeration system, the glyco! in- 
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FIG. 7. Two-stage fractionation for natural gasoline production. 
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FIG. 8. Three-stage fractionation for LPG and natural gasoline production. 


jection eliminates the hydrate 
problem in the exchangers and 
TABLE 1. Gas and liquid analyses stage separation vs stabilization. separator. a f 
. The hydrocarbon liquid is dis- 
. Low Temperature Separation-875 PSIG-16 F charged from the separator at low 
Stage Separation 
875 PSIG-68 F Stage Separation Stabilization ig ty ‘ 4 
Stock Stock Second 5 o y ay are formed at any 
sank, tank, ‘stage Stabilizer Stabilizer point in the system. 
qui as ul as ttoms as i i i 
— Male, rid om weit, . Mechanical refrigeration may be 
sed added to a pressure expansion sys- 
56.36 tem when inlet pressures decline 
20.24 without major plant revision. 
16.95 : 
0.85 . The cold feed system permits use 
a of low pressure equipment which 
0.10 . reduces the capital investment. 
het Specification gasoline may be pro- 
. duced from the stabilizer with little loss 
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of normally liquid components from the 
system. Where separator or treater gas 
is processed, the product from the sta- 
bilizer will normally meet natural gaso- 
line specifications. Where the stream 
processed is from a high pressure gas 
condensate well, there may be heavy 
hydrocarbons condensed which require 
removal from the condensate stream in 
order to meet the natural gasoline dis- 
tillation and point specifications. From 
such production, the stable condensate 
may be sold as such or fractionated to 
meet gasoline specifications. 

A low pressure fractionator as used 
in connection with a stabilizer to make 
specification gasoline is shown in Fig. 7. 
The bottoms from the stabilizer are fed 
to the fractionator where a large per- 
centage of the feed is fractionated to 
produce gasoline vapors that are con- 
densed and collected in the accumula- 
tor. Reflux is taken from the accumula- 
tor as required to maintain proper over- 
head outlet conditions and the remain- 
der is dumped to gasoline storage. 

Where there is an appreciable vol- 
ume of propane being produced in the 
low temperature separator liquid, which 
is often the case (note the propane con- 
tent in the low temperature separator 
liquid analysis in Table 1), it is in 
many cases economically desirable to 
add a deethanizer column ahead of the 
stabilizer to remove the methane and 
most of the ethane from the feed to the 
stabilizer. A commercial LPG mixture 








15 c.c. machine .. . 
Cranks and heads 
interchangeable with 
100 c.c. machines. 





Simple in design . . . Ruggedly built 
+ + + Requires no special care .. . 

Gear Ratio and throw of crank produce 
required speed with no strain. Curtin Cen- 
trifuges meet all A.S.T.M. Standard Method 
D-96 and A.P.1. Code No. 25 requirements. 
Fully descriptive literature upon request. 


WH: C N<CO. 










HOUSTON .... NEW ORLEANS. 
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TABLE 2. Recoveries by various production methods. 





























Stock tank Gasoline 
Sales gas Vent gas liquid gallons LPG 
Method MC MCF barrels 184 RVP gallon: 
Three stage separation . 971 14.4 23.30 
Low temperature separation with stage separation. . 937 37.6 25.30 eles 
Low temperature separation with stabilization......... 937 32.3 28.77 eee 
Low temperature separation with gasoline recovery..... 937 32.3 4.32 1027 
Low temperature separation with gasoline and LPG 
ERE SL ae et eee 937 25.6 4.32 1027 244 
TABLE 3. Income by various production methods high pressure gas. 
Estimated Payout 
Daily income*—dollars increased period 
a plant increased 
Sales Stock tank cost plant cost 
Method gas liquid Gasoline LPG Total dollars days 
Three stage separation............ $250 $171.60 $421.60 
Low temperature separation with 
stage separation................ 250 193.00 443.00 $ 5,000 234 
Low temperature separation with 
see 250 219.00 469.00 11,000 282 
Low temperature separation with 
gasoline recovery............... 250 32.90 $220.00 502.90 15,000 195 
Low temperature separation with 
gasoline and LPG recovery...... 250 32.90 220.00 81.20 584.10 21,000 129 
* Producing 2,500,000 cu ft sales gas per day Cost Basis 


Gas—$0.10 per MCF 
Gasoline—$0.08 per gallon 


Stock tank crude—$2.86 per bbl 
LPG—$0.05 per gallon 














TABLE 4. Gas and liquid analysis low 
pressure gas stream stage separation 
vs stabilization. 

Low temperature separation—235 PSIG 25 F 











Stage Separation 
Stabilization 
First Stock Second — — 
Com- stage tank stage Stabilizer Stabilizer 
ponent gas liquid gas bottoms overhead 
Mol% Mol% Mol% Mol% £Mol% 
ee 80.64 _ 24.49 _ 9.86 
_ See 8.78 0.12 18.55 — 10.20 
a 6.18 3.03 28.83 .38 30.45 
ae 2.07 7.74 12.32 1.89 26.57 
NCy. 1.50 10.54 9.43 8.95 21.21 
.53 17.51 3.96 31.52 1.23 
NCs. .28 14.14 2.22 22.08 45 
_ .02 46.92 .20 35.18 03 


transferred to LPG storage. Sufficient 
amount is recirculated to supply the nec- 
essary reflux for the column. The sta- 
bilized bottoms are then fed to the gas- 
oline fractionator where they are proc- 
essed the same as in the system shown 
in Fig. 7 described above. The recovery 
of the LPG as liquid gives an additional 
source of revenue. 


The low temperature processes de- 
scribed allow flexibility of design and 
operation. The extent of processing may 
be determined by the economics of the 








TABLE 5. Recoveries by various production methods low pressure gas. 





; Stock tank Gasoline 
. Sales gas Vent gas liquid gallons LPG 
Method MCF MCF barrels 184 RVP gallons 

Low temperature separation with stage separation... . 875 89.5 35.5 -- — 
Low temperature separation with stabilization for 

a eee eae ee mi nawkiie adenine 875 79.8 — 1870 _ 
Low temperature separation with gasoline and LPG 

“| a er aren re 875 26.3 _ 1870 


1600 








TABLE 6. Income by various production methods low pressure gas. 





Daily income*—dollars 











— Estimated Payout 
Sales Stock tank cost period 
Method gas liquid Gasoline LPG Total dollars days 
Low temperature separation with 
three stage separation........... $87.50 $101.53 -- a $189.03 $39,000 206 
Low temperature separation with 
gasoline recovery............+-. 87.50 _ $149.60 — 237.10 45,000 190 
Low temperature separation with 
gasoline and LPG recovery...... 87.50 — 149.60 80.00 317.10 58,000 183 
* Processing 1,000,000 cu ft Cost Basis 
Gas $0.10 per MCF Stock tank crude—$2.86 per bb! 


Gasoline $0.08 per gallon 


LPG $0.05 per gallon. 








can then be produced by condensing the 
overhead from the stabilizer column. 
The flow diagram in Fig. 8 shows the 
addition of a deethanizer column and 
overhead condenser to the stabilizer 
column in the system shown in Fig. 5 
to produce LPG. In this system the cold 
feed enters the deethanizer where the 
methane and most of the ethane are re- 
moved as overhead gas. The cold feed 
makes the use of a reflux system un- 
necessary. The bottoms are then fed to 
the stabilizer and fractionated again. 
The overhead vapors consist principally 
of LPG gases which are condensed and 
collected in the reflux accumulator and 
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individual problem. The systems may be 
expanded easily if market conditions 
justify. 

A study of two types of plants are 
presented to summarize the possibili- 
ties of low temperature processing. Ta- 
bles 1, 2, and 3 illustrate recovery from 
an expansion refrigeration plant in 
terms of analysis, product recovery, val- 
ue of products recovered, and approx! 
mate payout. 

Tables 4, 5, and 6 illustrate these 
same results from a mechanically re- 
frigerated stream of low pressure sep- 
arator and treater gas compressed to 
235 psi. x** 
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ComPLETE VOLATILITY CONTROL; 
GASOLINE OR AROMATICS 


“This unit is really flexible. When we wanted a 
higher octane Platformate, we just changed the 
processing conditions and stepped up from 92 to 96 
. +. just like that.” 


That’s what refinery men will tell you about the 
Platforming process. They'll tell you it will make 
a high yield of high octane gasoline . . . and that 
high or low volatility can be obtained, depending on 
the requirements of the product. And they’re right 
‘. Js a matter of record. 


Platformate as it leaves the unit is a superior type of 








blending component. The bromine number and the 
gum content are low. Sulphur reduction isconsistently 
high. Platformate requires no special treatment and 
can be stored separately or blended directly with 
other refinery gasolines. 


Then too, Platforming has the aromatics option so 
that the refiner can switch from motor fuel to aro- 
matic production, simply by modifications in his 
operations. It’s another reason why he can capture 
the market because he serves it best. Jt’s a matter 
of record. 


UNIVERSAL OIL PRODUCTS COMPANY 


g 


General Offices: 310 S. MICHIGAN AVE., CHICAGO 4, ILL., U.S.A. 
LABORATORIES: RIVERSIDE, ILLINOIS 


Universal Service Protects Your Refinery 





Summary 


(a) The general location for an un- 
derground storage must be chosen with 
respect to production, transportation, or 
consumption of LPG. 

(b) The problem is to find at these 
general locations a suitable mass of 
tight, preferably strong rock, and to de- 
termine its tightness and strength before 
heavy expenditures for digging are be- 
gun. If no tight mass of rock is avail- 
able, we have to develop some ready 
method of sealing permeable rock. 

(c) To lay out the best arrangement 
of chambers and to provide means to ex- 
cavate and handle broken rock. In other 
words, to design the storage so that con- 
struction can be planned, costs esti- 
mated, and work done in an orderly 
manner. 


Object of Storage 


The object of excavating for under- 
ground storage is to create, at moderate 
cost and at a desired location, a sizable 
and secure storage using materials that 
are available. If the storage is near a 
point of consumption, it may be con- 
sidered that an attempt is being made 
to store both product and transporta- 
tion, in the sense that a storage building 
is being made that can be charged dur- 
ing periods of low consumption and dis- 
charged when demand is high. Because 
of these objectives, a producer and/or 
marketer choose the general location. 
Then, within the area so located, a site 
will be selected with regard to topo- 
graphy, rock, access, utilities, and other 
factors to be discussed. 

Lining 

Concrete lining is expensive. The 
extra cost of lining a storage of moder- 
ate capacity with concrete may be some- 
thing in the neighborhood of $2 per bar- 
rel of capacity. Concrete itself is not 
impervious and requires surface treat- 
ment. During the war both the army and 
navy experimented with coatings of 
many types. Some published results in- 
dicate that they achieved success with 
thiokol latex. It is not known whether 
this material would be suitable for use 
on rock. So far as the author knows, 
no one has planned or built under- 
ground LPG storage with concrete lin- 





tPresented at Natural Gasoline Association 
Meeting, Houston, Texas, April, 1952. 

*Manager, mine contracting department, E. 
J. Longyear Company, Minneapolis, Minnesota. 
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Excavating Underground LPG Storage’ 


An engineer with background in mine development and operation 
discusses his experience in digging one underground storage 


R. L. LOOFBOUROW* 





ing. Much more research is needed to 
discover a lining material for an inex- 
pensive application to rock surfaces. It 
should, of course, be inert as far as LPG 
and water are concerned, be capable of 
application on damp surfaces, be non- 
toxic, and should have some plasticity: 


Geology 


As the cost of lining with surface- 
coated concrete is high and as at the 
present time we do not have much in- 
formation on satisfactory sealing com- 
pounds, it is important to find a rock 
that is tight enough to hold propane and 
to find a mass of this sufficiently large to 
allow us to excavate chambers in it. All 
parts of the earth’s crust have been sub- 
jected to some folding or squeezing as 
the result of movement. In some areas 
the effects of these movements are more 
intense than in others. In the Mid-Con- 
tinent, movement has been slight. Strong 
rocks, such as limestone, quartzite, and 
granite, are more likely to crack when 
subjected to movement than softer rocks 
such as siltstone, shale, or soft sand- 
stone. The ideal material in which to 
excavate a storage would be a thick 
bed of tight massive moderately strong 
rock. In such a rock large chambers 
could be excavated. Perfection in nature 
is rare. It is more likely one would have 
to work with a rock of lower strength 
and open smaller chambers. A tight, 
strong bed near the top of a weaker but 
still tight horizon may be found. It may 
be possible, then, to use the strong bed 
as a part of the chamber roof. 

Mining 

From the standpoint of compactness, 
the ideal storage underground, as on 
the surface, would be one great spheri- 
cal chamber. Many things conspire to 
make this difficult. The bed of rock 
chosen as most suitable may be of 
limited thickness. Its stability limits the 
size of openings that can be excavated 
safely. It is difficult to approach a 
spherical shape in excavation by drilling 
and blasting, or any other known means 
of digging hard rock. Finally, a quick 
and preferably an easy means to gather 
and remove rock broken in the excava- 
tion would have to be provided. It is 
likely that a compromise will be reached 
with chambers of modified circular or 
rectangular cross-section, arranged with 
their long dimensions vertical or hori- 
zontal. 
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The size of chamber that can be 
safely opened depends on the physical 
character of the rock bed chosen. The 
maximum size of stable openings can be 
large if rock conditions are favorable. 
Examples of openings 50 to 100 ft wide, 
several hundred feet long, and 50 or 
more feet in height could be given, but 
these are rare. It is more likely that 
smaller openings 20 to 40 ft in width, 
and, in some cases, 5 to 10 ft might be 
a maximum for unsupported openings. 
Variation is high. 

The strength of the rock, its compact- 
ness, freedom from bedding, cleavage 
and joint cracks, and its stability on 
exposure to damp air and propane are 
particularly important. The permeabil- 
ity of the rock mass and other physical 
properties will determine the natural 
tightness of the chamber—hence our 
preoccupation with physical properties 
and our need to determine them before 
digging is begun. 

The problem of stability has two- 
parts: (a) stabilitiy during construc- 
tion, where the principal concern is 
with the safety of crew and satisfactory 
completion of the job; and (b) per- 
manent stability; if a product is to be 
stored under pressure, then this pres- 
sure will help to support the roof of the 
excavation and will lessen its tendency 
to cave. Finally, chambers should be 
arranged as closely as possible to the 
shaft or other entrance to lessen the 
amount of haulage, and some provision 
must be made for gathering broken rock 
at places where it may be loaded, 
scraped, or conveyed away from the 
excavation. 















Preliminary Site Investigation 


The cost of preliminary study is mod- 
erate and will include the following 
items: 

1. Topography of the desired location, 
ownership, availability of power, access 
roads, water, etc. 

2. Nature of overburden and bedrock 
as shown in well logs, road cuts, or other 
excavations. 

3. Depth to water table and the vol- 
ume of water available at various hor!- 
zons. 

4. Suitability of the site as to room 
for construction operations and for 
dumping waste rock, etc., and possible 
sale of rock for aggregate, fill, or other 
purposes. 

Some of this information will be avail- 
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able by an inspection of site; some, such 
as well logs and a description of rocks, 
may be found in private, state, or fed- 
eral geological reports. For a complete 
preliminary evaluation, it is believed 
that at least one core drill hole should 
be drilled to the greatest,depth at which 
storage might be placed. Pressure test- 
ing of this hole will give at least a pre- 
liminary idea of the tightness of the 
ground. It should be carried out in 
increments of about 10 ft. 

The principal tool we have for de- 
tailed study is additional core drilling 
and the study of the core and the holes. 


The object of this study will be to de- © 


termine the uniformity of the rock, the 
thickness and attitude of favorable beds, 
the mechanical strength of these beds, 
the chemical suitability of the rock, and 
its permeability. All evidence of weak- 
ness, such as faulting, jointing, bedding, 
and cleavage will be very carefully 
studied. Holes should be pressure-tested. 
Core may also be tested for permeability, 
mechanical strength, the effect of air, 
moisture, and product on the core, and 
a partial analysis of the core taken from 
various favorable beds may help. Drill- 
ing progress will show relative drill- 
ability of various rocks encountered. 

The interpretation of this investiga- 
tion and the lay-out of underground 
workings from it is difficult, but the at- 
tempt must be made in order to plan 
underground work, to estimate the time 
and cost of the work and to forecast its 
usefulness. Experience and judgment 
play an important part in this. It must 
always be remembered that drill core 
has not been subject to concussion, but 
that the walls or any underground open- 
ings created by drilling and blasting 
are subjected to it. The effect of this 
concussion is to open up incipient cracks 
or cleavages in rock, and openings so 
excavated will present a much more 
ragged appearance than the core indi- 
cates, 

The rocks that must be traversed in 
gaining access to the chambers. will be 
studied carefully to determine if any 
special problems in shaft sinking or 
tunnel driving are involved. 


Storage Design 


A column of rock 1-in. square weighs 
about 1.1 lb per foot, or rock exerts a 
pressure due to it own weight of about 
110 lb per 100 ft of depth. Viewed con- 
servatively, the permanent safety of un- 
derground storage requires that rock 
weight above the storage be at least 
equal to the force exerted upward by 
the product stored. Therefore, the top 
of a storage to operate at a maximum of 
200 Ib pressure should be at least some 
180 ft deep. 

If topography is rugged, it may be 
possible to enter chambers through a 
tunnel, which will usually be less ex- 
pensive than a shaft. Either shaft or 
tunnel must be designed for access of 
crew, supplies, and equipment, for re- 
moval of rock to be excavated, and for 
later installation of in-put or out-put 
lines, any gages desired, and for the re- 
moval of water that may accumulate in 
the storage itself. In addition to the 
principal entry by shaft or tunnel, it will 
usually be desirable to provide for ven- 
tilation to remove smoke and dust oc- 
casioned by blasting during the period 
of construction. This may be done 
by moderate-sized bore holes. If it is de- 
sirable, these may later be used for pipe 
lines. 

If multiple chambers are required, 
they should be arranged as compactly 
as possible to simplify transportation of 
supplies and broken rock, and reduce 
the footage of entries. In general, it is 
less expensive to excavate a large cham- 
ber than to obtain the equivalent volume 
in many small openings. This is because 
in large openings gravity and mechani- 
cal means can be more readily used 
for loading and because more rock can 
be broken with the same amount of drill- 
ing and blasting. 

If storage is to be built through a 
tunnel, we can use tunnel driving equip- 
ment such as jumbos, carrying a num- 
ber of percussion-type rock drills; 
crawler-mounted loaders and trucks for 
removing broken rock. The only serious 
complication in the construction of stor- 
age by this means will be a bulkhead, or 
bulkheads, sufficiently large to fill the 





C. W. Bailey, Petroleum and Oil- 
Shale Experiment Station, U. S. Bu- 
reau of Mines, Laramie, Wyoming. 

Crude shale oil is obtained by re- 
torting the solid organic material 
occurring in oil shale. Temperature 
is only one of the variables in the 
retorting process, but it has a pro- 
nounced effect on the composition of 
the oil produced. Oils obtained at 
1200, 1500, and 1700 F, were sub- 
jected to a systematic analysis. To 
ootain an adequate picture of the 
composition of these oils, fractional 
(istillation, adsorption, and spec- 
|.ometry were used. 

All three of the oils studied are 





—_ 


Colorado Shale Oils Produced by High Temperature Retorting 
G. U. Dinneen, J. R. Smith, and. 


much more aromatic than oils ordi- 
narily produced by the usual retort- 
ing methods. The 1500 and 1700 F 
oils consist essentially of aromatic 
hydrocarbons plus significant 
amounts of sulfur and nitrogen com- 
pounds. The contents of benzene and 
naphthalene increase with retorting 
temperature. The contents of toluene 
and the methylnaphthalenes reach a 
maximum in the 1500 F oil. Phenol, 
o-cresol, and m-cresol are the pre- 
dominant compounds in the tar acids 
from the 1500 F oil. The tar bases 
from this oil show large relative 
quantities of 2,4,6-trimethylpyridine 
and 2.4-dimethylpyridine.—Abstract 
from American Chemical Society. 
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entrance to the tunnel and sufficiently 
strong to withstand the pressure. These 
can be built of concrete and can be made 
tight against the roof of the tunnel, first, 
by carefully placing the concrete and, 
second, by grouting through holes 
drilled in the concrete after it has set. 

If access to the chambers must be 
through a shaft, a hoist will be pro- 
vided first to sink the shaft itself, and 
then to remove rock broken in horizon- 
tal openings, and, finally, to hoist rock 
broken in the chambers. The shaft is in- 
tended to traverse various materials 
such as soil, gravel, sand, and partially 
decomposed rock, all probably satur- 
ated, before reaching the depth at which 
chambers are located; some special 
shaft sinking problems may be involved. 
It will be particularly desirable to seal 
off any water. To minimize this compli- 
cation, the shaft will probably be as 
small as possible. This will make it de- 
sirable to use light, small equipment in 
underground work. Fortunately, such 
equipment is available and is commonly 
used in mining. If work is adequately 
planned, no serious loss in efficiency 
need result. The operation of a large 
mine hoist is complicated by the fact 
that‘it draws a high surge of power in 
accelerating a heavy load. It is, there- 
fore, particularly desirable that the site 
be served by adequate power lines. 


Costs 

After a number of storages have been 
built, it is likely that the cost will be 
found to vary because of— 
. Capacity 
. Depth 
. Differences in overlying material 
. Differences in the material sur- 

rounding the chambers 
. Differences in methods used 
Costs of any treatment which the 
walls may require 

g. Differences in the cost of perman- 

ent installations desired 
h. Regional differences in the cost of 
labor and supplies 

These same factors make it difficult to 
give any general forecast of costs. It 
is expected, however, that costs may 
range between $8 and $2 per barrel of 
capacity for unlined storages of 50,000 
to 200,000 bbl in volume. The above 
costs should be sufficient to allow for 
all labor, supervision, equipment, and 
supplies, and permanent underground 
installation of pipe, valves, and pumps. 

In the above range of volumes, it 
would be prudent to allow a year for 
detailed study and construction. 


Q0 OM 


rh oO 


Conclusion 

We regard the excavation of under- 
ground LPG storage as akin to mining 
construction, though differing from it 
conspicuously in that openings must be 
tight. It is clear that underground stor- 
age is useful and feasible. Some prob- 
lems are recognized, such as the accur- 
ate interpretation of the results of core 
drilling and the problem of sealing rock 
that is less than ideally impervious. 
These problems are difficult, but it is be- 
lieved they can be and will be solved. * 
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PLANT AIDS 





Ball Bearings on Jackshafts* 


Excessive wear traceable to “whip- 
ping”, misalignment or an unbalanced 
condition of jackshafts on pumps such 
as catalyst or sump pumps can be elim- 
inated or greatly minimized by the fol- 
lowing method: 

A recess in the pipe of the jackshaft 
is machined to fit the outside diameter 
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of a ball bearing assembly, which is in- 
serted in this recess to replace, for ex- 
ample, bronze sleeve or similar bearings 
installed in the pipe or casing. Since the 
shaft may become unbalanced by being 
loaded with extraneous material it soon 
must be realigned and bearing and seal 
replaced. This formerly occurred each 
six months, approximately, on catalyst 
pumps, each two months on sump 
pumps. This ball bearing assembly. 
which must be well lubricated, elimin- 
ates this difficulty, and has saved con- 
siderable money annually per shaft. 


J. L. FULTON 


VALVE SEAT 


PLATE 





WELD METAL 


OLD METHOD 


Jimmied or worn threads on recipro- 
cating pump plate valves, under earlier 
practice were rebuilt by boring out the 
threads, filling the space with weld 
metal, reboring and rethreading, when 
replacing the valve seats. A new and 


Steam Snuffer for Relief Valves* 


Purpose: To put out fires in relief 
valves on top of towers. 


Due to frequent electrical storms in 
our area, we are troubled by lightning 
striking the relief valves on top of the 
various towers—causing the valve to 
leak and igniting the escaping gas. It 
was necessary for an operator to climb 
the tower and put the fire out with a 
steam hose, a dangerous and unpleasant 
task in stormy weather. 

To reduce the hazard of putting the 
fire out, a 3@ in. pipe line was installed 
to conduct steam to the top of the tower 
and into the discharge line of the relief 
valve. The steam line parallels the lad- 
der to the top of the tower and then ells 
over and up into the discharge line of 
the relief valve (see sketch). The steam 
snuffer is made of one % in by 8 in. 
nipple perforated. The nipple is welded 
into the discharge line of relief valve 
and extends about five inches into dis- 
charge line (see sketch). A 14-in. drain 
hole is drilled into the bottom of the 
discharge line and permits steam con- 

*NGAA Third Prize Winner—Class ‘‘A”. 

¢Chief operator, Gregg-Tex Gasoline Cor- 
poration, Longview, Texas. 
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Old acid storage boxes were provided 
with only bottom drawoff lines, as shown 
at left. To facilitate the use and opera- 
tion of this setup, baffles and drawoff 
lines were installed as shown in the 
drawing at right. The baffle was placed 
somewhat to the right of the center of 
the box, extending downward from the 


-}Plant aid submitted through courtesy of the 
Humble Oil and Refining Company’s Coin- 
Your-Ideas Plan. 
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Baffles for Acid Storage Boxes? 





= LINE 


LINE 


W. G. SEARS 


cover three-fifths to two-thirds of the 
sludge acid level. A drawoff line was 
installed at the sludge-top level in the 
left compartment, leading to sludge dis- 
posal. Another drawoff line, for acid, is 
placed at the same level as the sludge 
drawoff, but in the compartment at 
right. The box drain line will drain both 
compartménts, may empty into either 
main drawoff line as desired. 





Repairing Plate Type Valves In Reciprocating Pumps? 









NEW METHOD 













better method is to bore out the plate, 
make a bushing to fit the bored-out hole, 
thread the bushing inside, and then weld 
the bushing into place and screw in the 
valve. This system saved many man- 
hours in repairing one 32-seat pump. 





H. L. BABERt 


densate and moisture to drain from line. 

When a relief valve is struck by light- 
ning and the leaking gas ignited, the 
operator opens the % in. valve on the 
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Y% IN. SNUFFING LINE TO POP VALVE ON HIGH TOWERS 












steam line to the relief valve and the 
steam snuffs out the fire. This system 
was installed on all towers in the plant. 
Fires are put out more quickly and 
safely by this method. 















High-Temperature Lubricant 


Molybdenum disulfide is a superior 
lubricant for moving parts that operate 
too hot for ordinary oils and greases. 
It can be used readily at temperatures 
up to 700 F, and in some cases even up 
to 2100 F for short periods and in inert 
atmospheres. But molybdenum disulfide 
(Molkolube) has been available only 
in the form of a powder, in a water sus- 
pension, or as an additive to greases. 
Now it can be had in solid or stick form. 
The molybdenum sulfide, with a slight 
amount of phenolic binder, is molded 
into desired solid form by heat and pres- 
sure. Sticks or brushes of molded Molke- 
lube can be held by spring pressure 
against the rotating member so that 
some of it is wiped onto the hot surface 
to be lubricated, 
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Analytical Method 





Determination of Aromatics! 


IVOR W. MILLS* 


Tue method that has been most gen- 
erally used for determining the com- 
position of viscous oils is the ring-analy- 
sis method developed by Vlugter, Water- 
man, and Van Weston.* Although this 
method has been quite useful in the in- 
dustry for many years, recent work on 
pure compounds has indicated that, with 
certain types of samples, considerable 
error may be encountered. 

Recently, Lipkin and co-workers? pre- 
sented an adsorption method for an- 
alyzing oil fractions, and this is an 
adaptation of the gel technique of Mair 
and co-workers.*»* The procedure of 
Lipkin, et al, provides a means of quan- 
titatively removing the aromatics from 
the sample, and it prepares a saturated 
fraction for subsequent determination of 
naphthene ring and paraffin-plus side 
chains. One basic difference in these two 
methods is that Waterman calculates 
aromatic ring as such, excluding naph- 
thene rings and paraffinic side chains 
that may occur in the same molecule as 
the aromatic ring; whereas Lipkin de- 
termines total aromatic-containing mole- 
cules, which include attached naphthene 
ring and paraffinic side chains. Table 1 
presents approximate calculations for 
several hypothetical cases and a few ac- 
tual samples, showing the theoretical 
amount of total aromatic-containing 
molecules corresponding to different 
amounts of aromatic ring, as would be 
calculated from Waterman’s method. 
These data indicate that, in some cases, 
the reproducibility of the Waterman 
nethod (1 per cent) may represent as 
much as 9 per cent total aromatic-con- 
taining molecules. Inasmuch as solvent- 
refining and sulfonation applications 
are concerned with the removal of the 
total aromatic-containing molecule, it 
may be rather difficult to follow these 
processes using the ring- analysis 
method. 

The purpose of this paper is to pre- 
sent a method similar in principle to the 
method of Lipkin, but which has been 
modified for more rapid determination 
and which uses smaller equipment. 

In brief the method involves percole- 
tion of 10 g of sample, in solution in a 
low-hoiling hydrocarbon solvent, through 
a glass column containing 150 g of silica 
gel and 100 g of clay. The column is 
then washed with naphtha until the ef- 
fluent has the same refractive index as 
the original naphtha. A 100-ml aliquot 
of this effluent is transferred to a 
weighed Erlenmeyer flask, and the dilu- 
ent naphtha is removed by evaporation 
Ina hood with a good draft on a hot 
plate or steam bath. The last trace of 
diluent is removed by blowing the hot 
samp!e with nitrogen. The flask is cooled 
and weighed. The aromatic content is 
calculated from the difference in oil re- 


*Sun 
Vanix, 
*BRefore API Refining Division. 


Oil Company, Marcus Hook, Pennsyl- 
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covered from ine column and the amount 
charged. Using a battery of 6 columns, 
12 determinations have been made by 


_ 1 man in an 8-hr day. 


The detailed analytical method is as 
follows: 


Materials Needed 


a. Pyrex-glass adsorption tube, as 
shown in Fig. 1. 

b. Steam bath. 

c. Silica gel, Davison Chemical Com- 
pany, 28/200-mesh. 

d. Attapulgus clay — approximately 
20/200-mesh. 

e. Technical n-pentane, free of olefins 
and aromatics. 

f. Graduated cylinders, 250-ml size. 

g. Refractometer, reproducible to 
0.0001. 


Procedure 


The adsorption column is prepared 
for a run by placing a glass-wool plug 
in the bottom to support the silica gel; 
100 g of clay are charged to the column, 
followed by 150 g of gel, and the column 
tapped lightly to pack the adsorbents. 
The sample charge of 10 +0.5 g, 
weighed to the nearest 0.0005 g, is 
placed in a 250-ml Erlenmeyer flask, di- 
luted with 25 ml of n-pentane, and 
mixed well to insure a uniform solution 
of oil in pentane. 

In making a run, 25 ml of n-pentane 
are added to the top of the column and 
allowed to percolate into the gel. Im- 
mediately after this material completely 
enters the gel, the diluted sample is 
charged to the column. The sample con- 
tainer is then washed free of oil, and 
the washings are charged to the gel col- 
umn. After this material enters the gel 
bed, the inside walls of the column 
above the gel are washed free of oil. 
When these washings have entered the 
gel bed, n-pentane is charged contin- 
ually to the column to wash the satu- 
rated hydrocarbons away from the gel. 
At no time during the run should the 
column be permitted to run dry. A 250- 
ml graduated cylinder is used as a re- 
ceiver to catch the effluent from the col- 
umn. When 130 ml of product have been 
collected, a few drops of percolate are 
taken for refractive-index determination. 
If the index at this point does not agree 
with that of the charge pentane to within 
6.0002 units, refractive index is taken 
after additional 20-ml increments oi 
product until agreement is reached, at 
which point the tip of the column is 
washed free of oil and the receiver im- 
mediately removed from the bottom of 
the column. 


Removal of Diluent 


The total volume of product recov- 
ered from the column is recorded, and 
the cylinder is shaken thoroughly to 
insure a uniform mixture of oil in pen- 
tane; 100 ml of the solution are meas- 





ured into a 100-ml graduated cylinder, 
and transferred to a weighed Erlen- 
meyer flask. The flask is placed on a 
steam bath in a hood, and the pentane 
is allowed to evaporate. If the evapora- 
tion rate is too slow, creeping of oil 
from the flask will occur. The rate 
should be sufficiently rapid to eliminate 
this difficulty. The last traces of pen- 
tane are removed by blowing a stream 
of nitrogen at the surface of the oil for 
approximately 2 min while the flask is 
held at steam-bath temperatures. The 
flask is allowed to cool, and is then 
weighed to the nearest 0.0005 g. 


Calculations 


The per cent by weight of aromatics 
in the sample is calculated from the 
following equation: 

Per cent by weight of aromatics = 


AB 


100 — 
” C 


W here: 


A = total volume of effluent. 

B = grams of oil per 100 ml of ef- 
fluent. 

C = grams of oil charged to column. 


Discussion 


Scope: This method of analysis has 
been applied to a large number of oil 
samples of widely different aromatic 
content. Inasmuch as the method was 
developed for oil fractions that ordi- 
narily are free of olefins, it has not been 
critically examined for samples of high 
olefin content. In general, compounds 
ordinarily found in petroleum fractions 
will be separated as follows: Non-aro- 
matic olefins will pass through the gel 
and will be associated with the saturate 
fraction, aromatic olefins, phenols, sul- 
fur compounds, acids; and other non- 
hydrocarbon groups will, for the most 
part, stay on the gel and be reported as 
aromatics. 

The method used to remove pentane 
limits the application of the method to 
relatively non-volatile fractions. The 
lower limit of application was estab- 
lished by running experimental evapo- 
rations on samples containing known 
amounts of oils of various boiling ranges. 
The lowest boiling sample tested was a 
light oil having an initial boiling point 
of 534 F, a 50-per-cent point of 600 F, 
and an end point of 726 F. The evapora- 
tion loss encountered with this sample 
was 0.5 per cent. On the basis of these 
tests, it is recommended that the method 
should not be applied to samples having 
initial boiling points below 550 F. 

Waxy samples that give clear solu- 
tions when diluted with normal pentane 
in the ratio of 10 g oil to 25 ml pentane 
can be run satisfactorily by the method. 
Those that do not give clear solutions 
cannot, because undissolved wax will 
separate on the adsorbents and give fic- 
titiously high aromatic contents. It is 
possible to run such samples by operat- 
ing at temperatures high enough to 
keep the wax in solution. This change is 
not recommended for general practice, 
because the high temperatures required 
necessitate a change from pentane to 
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AN ECONOMY FACTOR 
IN REFINERY OPERATION 


Proved long life and stubborn resistance 
to corrosion make cast iron pipe a 
contributing factor in lowering plant 
maintenance per barrel of crude. 
Replacing shorter-lived pipe with cast iron 
pipe has demonstrated this in many refineries. 
Cost per term of service decreases. 
Interference with production, caused by 
frequent replacements, ceases to be a 
headache. Cast iron pipe works hand-in-glove 
with plant management to keep maintenance 
cost down in many refinery operations. 
Available with bell-and-spigot, plain end and 
flanged, or with standardized mechanical 
joints. Cast Iron Pipe Research Association, 
Thomas F. Wolfe, Engineer, 
1015 Peoples Gas Bldg. Chicago 3, Illinois. 
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TABLE 1. Relation between total a; 5. 
matic content and aromatic-ring 
content for hypothetical cases 
and test samples. 





Assumed Calculated 
percent by per cent hy 


GEL LAYER 


—«+ 1-IN. O.D. PYREX 











2 TUBING weight of — weight of 
: aromatic tota! 
= Hypothetical cases ring aromatics 
700 molecular weight and 1aro- 
ne matic ring per molecule. . ... 1 9 
4 700 molecular weight and 2 fused 
< aromatic rings per molecule. . 1 5, 
- 350 molecular en ae 1 ar- : 
< omatic ring per molecule... . 4.5 
Ps. GLASS WOOL 350 molecular weight and 2 fused 
q LY PLUG aromatic rings per molecule. . 1 2.7 
L 
* ~ . Waterman Gei 
— \ %e-\N. aromatic-ring aromatic 
O.D. PYREX TUBING content content 
(per cent (per cent 
Actual Test Data by weight) by weizht) 
FIG. 1. Pyrex aed 
. 295-molecular-weight oil....... 16 38 
adsorption column. 325-molecular-weight oil....... 19 41 
340-molecular-weight oil....... 20 43 
420-molecular-weight oil....... 15 49 








TABLE 2. Accuracy of aromatic determination and blends of 
known composition. 





Per cent 

Per cent by weight Refractive 

by weight of | index of 

of _ aromatics saturated 

Sample aromatics found Deviation product 

Column Packed with 100 G of Clay and 150 G of Gel 
200-viscosity aromatic-free oil+aromatic No. 1... 0 0.9 +0.9 1.4769 
200-viscosity aromatic-free oil+aromatic No.1... 25.3 25.9 +0.3 1.4770 
200-viscosity aromatic-free oil+aromatic No.1... 75.5 75.5 0.0 1.4768 
200-viscosity aromatic-free oil+aromatic No. 1... 100 am _ ate 
200-viscosity aromatic-free oil+-aromatic No. 2... 25.1 25.7 +0.6 1.4768 
200-viscosity atomatic-free oil+aromatic No. 2... 50.1 50.5 +0.4 1.4768 
200-viscosity aromatic-free oil+aromatic No. 2... 75.0 75.3 +0.3 1.4767 
200-viscosity aromatic-free oil+aromatic No. 2... 100.0 - ae ee 
200-viscosity aromatic-free oil+-aromatic No.3... 25.3 24.5 —0.8 mS 
Commercial bright stock..................0-05 ee 27.4 Bos 1.4804 
Commercial bright stock.................0008- 27.7 1.4807 
Column Packed with 250 G of Gel 

200-viscosity aromatic-free oil+-aromatic No.1... 50.3 49.6 —0.7 1.4769 
200-viscosity aromatic-free oil+aromatic No.1... 75.4 74.8 —0.6 1.4770 
200-viscosity aromatic-free oil+aromatic No. 2... . 50.2 50.2 —0.0 1.4768 
200-viscosity aromatic-free oil+-aromatic No. 2... 75.2 74.6 —0.6 1.4768 
200-viscosity aromatic-free oil+-aromatic No. 3.. 25.5 22.6 —2.9 ee 
Commercial bright stock. ..................005 1S et as 1 = 
i 1.4810 


Comanercial bright stock... .....0c-cecccvceres 








NOTE: Aromatic No. 1 was obtained from distillate fraction of Mid-Continent crude. 
Aromatic No. 2 was obtained from distillate fraction of naphthenic crude. 
Aromatic No. 3 was obtained from bright stock from Mid-Continent crude. 


higher-boiling solvents of higher refractive index. The index 
differential between the solvent and oil is decreased—which 
deceases the sensitivity of end-point determination and intro- 
duces greater error into the analysis. 

Accuracy: The accuracy of the method was established 
by analyzing a series of blends of known composition. The 
components of the blends were prepared from typical refin- 
ery streams, using sulfonation to prepare aromatic-free frac- 
tions and adsorption to prepare aromatic concentrates. Data 
obtained on known blends of these components are given in 
Table 2. These data indicate that, for the column packed with 
gel and clay, all determinations are within 1 per cent of the true 
value. Data are also given for columns packed with 250 g of sil- 
ica gel alone. For all but the bright stock, good agreement is 
shown. The bright stock shows a deviation of —2.9 per cent. The 
fact that gel alone gives low values for bright stock is further 
confirmed by analysis of commercial bright stock which gives 
an average of 22.4 per cent by weight of aromatics by gel, and 
27.3 per cent by gel plus clay. 
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Products Terminal Design and Operation‘ 


P 615.93 


Metering, calibrating prover tanks, and 


computing tank sizes are salient functions 


RALPH B. RODGERS* and SPENCER A. HALLBERG* 


SraNDARD Oil Company (Indiana) 
products pipe lines are used exclusively 
for the transport of the company’s own 
products. The lines are operated as a 
plant facility connecting the refinery 
supply to the distribution terminals. 
Products pipe line department em- 
ployees are responsible for all station 
and line operations; certain operations 
occurring at terminals are a joint opera- 
tion with the sales department. 

What would commonly be considered 
pipe line functions at terminals, such as 
batch changes, meter readings, meter 
tests and maintenance, and the hourly 
reporting to the dispatching office, are 
handled by sales department terminal 
operators. The operators’ regular duties 
of loading trucks are augmented by the 
pipe line operations. Therefore, there is 
no need for pipe line deliverymen at 
terminals. . 


Pipe Line Metering 


Since products pipe line operations 

began in November 1939, positive dis- 
placement meters have been used for 
measuring the input and output of prod- 
ucts at all points. The meters are almost 
all of the rotary type, with an accuracy 
of approximately 1/10th of 1 per cent 
claimed by the manufacturer. In the 12 
years of operation, the line overage or 
shortage has been considerably below 
the calibration accuracy stated above. 
_ The accurate metering of products 
improves both the operating depart- 
ment’s control over products movement 
and the accounting department’s record 
of its disposition. Obtaining accurate 
hourly figures of pumpings and receipts 
makes it possible for the dispatcher to 
calculate the arrival time of products at 
terminals with a greater degree of ac- 
curacy and to sense small line leaks even 
when pressures do not indicate a loss of 
product. 

The accuracy of positive displacement 
meters hinges on meter maintenance, 
meter tests, and the accuracy of the 
prover tanks used for meter calibration. 

ita effective maintenance of meters 
and related equipment, a necessity for 
efficient pipe line operation, obtaining 

+" resented before Products Pipe Line Confer- 
po lye of Transportation, American Pe- 
iam atte, Fort Werth, eran, Apri 
, le “Interrelation Be- 


tween: Terminal Design Operation and Products 
Pir Line Deliveries.” 


‘ae Standard Oil Company (Indiana). 


maximum accuracy from the meters is, 
to a considerable extent, contingent on 
the method and frequency of proving 
meters. 


Any procedure for making meter tests. 


should give accuracy without overbur- 
dening the operator with unnecessary 
work. Depending on the type and size 
of meter in use, a certain volume can be 
delivered through it, between calibra- 
tions without noticeably affecting ac- 
curacy. The following tabulation re- 
flects our company’s views of the maxi- 
mum allowable volumes between meter 
calibrations for positive displacement 
meters ranging from 2 in. to 6 in. in 
size: 


Maximum volumes permitted through 
a meter between meter provings. 
Size of 











Meter Barrels 
2 in. 12,000 
3 in. 30,000 
4 in. 40,000 
6 in. 60,000 





The following procedure is used for 
determining when a meter test shall be 
made: . 

1. Each meter used is tested near the 
center of every batch, providing the 
volume of the batch through the meter 
is less or equal to the quantity specified 
in the above tabulation. If the portion of 
a batch through a meter is greater than 
the maximum allowable volume, the 
meter is tested for each additional in- 
crement of product equal to (or less 
than) the maximum allowable volume. 

2. Whenever more than one test is re- 
quired, tests are spaced so as to divide 
the batch in approximately equal seg- 
ments. For example: If a batch of 60,- 
000 bbl is passing through one meter 
and the maximum allowable volume is 
40,000 bbl,-then two tests are made, one 
near the 15,000 bbl point and the second 
near the 45,000 bbl point in the batch. 
For further illustration: If a batch of 
270,000 bbl is passing through two 
meters and the maximum allowable vol- 
ume between meter tests is 60,000 bbl 
for each meter, then each meter is tested 
three times during the batch at approxi- 
mately the 45,000, 135,000, and 225,000- 
bbl point in the batch. 

3. If more than one meter is used to 
deliver the batch through a particular 
point, meters are balanced to handle ap- 
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proximately equal portions of the flow. 
Additional meter tests are made when, 
in the judgment of the operator, they 
are necessary because of abnormal op- 
erating conditions or suspected meter 
failure. 

Before placing a meter back into serv- 
ice after adjustment or repair, a range 
test of meter accuracy is made. Tests 
are made by one delivery each, into the 
prover tank, at rates of one-quarter, one- 
half, and three-quarters of the rated 
capacity of the meter. After adjustment 
it is our view that the per cent of meter 
error should not vary more than 2 tenths 
of 1 per cent between each rate of flow. 
When the factor varies from 1.0000 by 
more than 75/10,000 (0.0075) of 1 per 
cent on any product, a calibration ad- 
justment is made to bring the reference 
factor as near 1.0000 as practical on 
both oils and gasolines. 

On meter tests an effort is made to 
duplicate actual line flow conditions. 
Test flows are regulated into prover 
tanks as nearly as possible at the same 
meter case pressure and rate as prevail 
during the batch. For good results, varia- 
tion in rate of flow should not exceed 5 
per cent. This is determined by stop 
watch. Meter case pressure variation be- 
tween actual and prover tank flows 
should not exceed 10 per cent for pres- 
sures up to 75 psi and 5 per cent for 
greater pressures. 

The prover tank is first filled and 
emptied to wet the inside surface of the 
tank. Test deliveries are then made to 
the prover tank until the differential be- 
tween two consecutive tests does not 
exceed five hundredths of 1 per cent. 
The average of the factors obtained in 
the tests is used as a correction factor 
for the meter reading. When emptying 
the prover tank after each filling, 2 min 
are allowed for drainage after the 
stream has stopped flowing or reached 
the lower zero mark. 


Pipe Line Prover Tanks 


To test a meter, deliveries are made to 
an accurately calibrated prover tank 
generally large enough to contain the 
maximum flow through the meter for a 
period of approximately 2 min. Prover 
tanks now in use range in size from 10 
to 30 bbl and are installed according to 
the volume requirement. Each prover 
tank is recalibrated at least once a year. 





D-3 


Master test vessels of 50 gal, 5 gal, and 
one gal capacities, tested and sealed by 
the United States Bureau of Standards, 
are used in the tests. The prover tank 
is usually erected in the open or in an 
unheated building. Occasionally it is 
erected in a building that can be heated 
to a point just below freezing. The dif- 
ference between atmospheric and prod- 
uct temperature is minimized as much 
as possible. 

Whenever possible, the calibration of 
the prover tank, which is done with 
water, is made on a day when a rea- 
sonably uniform temperature can be 
maintained throughout the calibrating 
period. 


We use this procedure for calibration 
of the prover tank: 


1. Before calibration, the prover tank 
is filled with water to wet the inside of 
the tank. Water is then drained off, al- 
lowing 90 sec for drain down after the 
stream has stopped flowing or reached 
the bottom “zero.” 


2. Through use of the master test ves- 
sels, previously referred to, the prover 
tank is filled with water through the top 
opening. 

3. The liquid level of the gage scale on 
the filled prover tank is recorded after 
the exact gallonage has been measured 
into it. The exact gallonage is the 
amount required to fill the nominal 
capacity. 

4. To keep the effects of thermal ex- 
pansion of the water to a practical mini- 
mum, the average temperature of the 
water in the prover tank should not ex- 
ceed the differences shown below. If 
they do, a correction is made. Increases 
in temperature will result in increases in 
volume and conversely decreases in 
temperature will produce decreases in 
volume. Temperatures should be ad- 
justed as follows: 


(a) If the temperature of the water 
used is between 32 and 50 F, and 
if the temperature of the water in 
the full prover tank is within the 
same range, no correction need 
be made. 


If the temperature of the water 
used and the temperature of the 
water in the full prover tank is 
between 50 and 68 F, a differen- 
tial of 4 F may take place before 
correction is necessary. In this 
range, the correction factor per 
degree change shall be 0.0070 
per cent. 

If the temperature of the water 
used and the temperature of the 
water in the full prover tank is 
between 60 and 70 F, a differen- 
tial of 3 F may take place before 
correction is necessary. In this 
range, the correction factor per 
degree change shall be 0.0106 
per cent. 

If the temperature of the water 
used and the temperature in the 
full prover tank is between 70 
and 90 F, a differential of 2 F 
may take place before correction 


D-4 


is necessary. In this range, the 
correction factor per degree 
change shall be 0.0154 per cent. 


5. After correcting for differences in 
temperatures, the test is repeated until 
two successive tests are obtained which 
agree within 0.02 per cent of the nomi- 
nal tank volume and the average of the 
two are accepted as being correct. The 
gage scales are then marked and sealed. 

6. The zero reading for the nominal 
tank capacity should be at approxi- 
mately the mid-point of the gage scale. 


Accounting for Stocks 


To account for the quantity of prod- 
ucts pumped from refineries or received 
by terminals, the temperature of the 
batch is observed at the start and end 
of the run and hourly during its passage. 
When the hourly temperature observa- 
tions are made, meter readings are taken 
for dispatching check purposes. From 
this information, the amount of the 
batch received for each whole degree of 
temperature is recorded and the volume 
for each reading is then adjusted to 60 
F by the use of National Bureau of 
Standards circular C-410 correction 
factors. 

The summation of the volumes at 60 
F, divided by the summation of the un- 
adjusted volumes, provides a weighted 
temperature correction factor, which is 
then applied against corrected meter 
readings for billing. 


Terminal Shipping Facilities 

All our terminals are designed and 
operated for shipment by truck or tank 
car. Due to the many types and capaci- 
ties of truck tanks we have found it 
necessary to equip truck loading docks 
with meters for accurate and efficient 
measurement of product volume. 

Because all loadings are made through 
meters, our docks and meter proving 
facilities are standardized. 


Terminal Prover Tanks 


Portable prover tanks are used for 
proving the accuracy of all loading dock 
meters. Meter proving equipment is de- 
signed to conform with the Petroleum 
Positive Displacement Meter Code, 
adopted by the American Society of 
Mechanical Engineers and the Ameri- 
can Petroleum Institute. Likewise, 
prover tanks are designed and equipped 
so that tests will simulate operating 
conditions of temperature, pressure, rate 
of flow, and type of loading equipment. 
Prover tanks are of sufficient capacity to 
contain the maximum actual truck load- 
ing flow rate of the largest meter in 
use, for a period of at least 1 min. It is 
our general practice to utilize prover 
tanks having a minimum capacity of 500 
gal even though the operating flow rates 
do not require a tank of that capacity. 


Terminal Dock Metering 


For several years the policy was fol- 
lowed of testing meters every 60 days or 
every 1,000,000 gal throughput, which- 
ever occurred first. Because we operated 
under favorable conditions, with closely 


controlled line pressures and flow rate:. 
we found that few adjustments were re- 
quired. As a result all loading dock 
meters are now tested twice a year—ii 
the second and fourth calendar quarter: 
These particular periods were chosen 
primarily because they precede the two 
periods of high shipping volume. Every 
month all meters are checked by ter- 
minal superintendents, who compare the 
liquid level in a vessel (truck compari- 
ment) of known capacity with the qua:- 
tity recorded on the meter. Similarly. 
loaders are requested to observe the 
liquid level of the product in relation io 
the affixed capacity markers in the ves- 
sel being loaded. If differences are dis- 
closed by such visual checks, the meter 
is taken out of service and a complete 
test and the necessary adjustments are 
made. 

Before actual testing of the meters, 
the inside of the prover tank is thor- 
oughly wetted and the lines to the 
prover tank filled with the product to be 
tested. 

Actual testing procedure in sequence 
enumerated is: 

1. Allow 60 sec “drain-down” time 
after stream has stopped flowing before 
closing bottom drain-cock to provide 
uniform drainage. Leave test pet-cock 
open on discharge side of bottom drain- 
cock to detect any valve leakage while 
testing. 

2. Determine that the vacuum breaker 
at the loading valve, in the fill-line for 
prover tank, is closed. 

3. Reset meter-counter to zero. Read 
and record totalizer meter reading on 
test form. 

4. Set automatic stop on meter for the 
calibrated nominal capacity of the 
prover tank and start the loading pump. 

5. Open valve at meter and loading 
valve at prover tank. Automatic meter 
operation fills prover tank at full flow to 
within a few gallons of capacity, de- 
pending on size of meter, then slows 
down the flow and smoothly stops meter 
at the nominal capacity of prover tank. 
Rate of flow at midpoint of test is timed 
by stop watch and recorded on the test 
form. 

6. Close loading valve to prover tank 
immediately after the automatic meter 
stop has shut off the flow. ; 

7. Open vacuum breaker at loading 
valve to allow loading line to drain be- 
low valve. 

8. Record meter-counter and totalizer 
readings on test form. 

9. Record reading of scale on prover 
tank on test form. (Scale provides read- 
ing in both cubic inches and per cent 
of prover tank capacity.) 

10. Note and record atmospheric and 
product temperatures on test form. 

11. Open drain valve on prover tank 
and drain tank completely. Allow 60 sec 
“drain-down” time as above, before clos- 
ing bottom drain-cock. 

After the line wash and preliminary 
wetting down of the tank, two careful 
tests are made before attempting to ad- 
just the meter. 

Our accuracy specifications require 
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MAXIMUM TENDER ,“¢ (BBLS IN THOUSANDS) 


GRAPH FOR COMPUTING TANK SIZE 


MINIMUM TANKAGE REQUIREMENTS 


NOMENCLATURE: 


Vt/15 = Weekend arrival of product at terminal. 


DIRECTIONS: 


FOR PIPE LINE TERMINALS 


Vt ° 
T = — (11/6—4R/3) 
n 


T = Working tank volume required (excluding 
allowance for weekend arrival; and tops 
and bottoms). 

Vt = Maximum monthly volume of the product to 
be shipped from the terminal in barrels. 

n = Number of tenders of the product to be 
pumped during each month. 

R = Portion of the month the terminal will re- 

ceive product. 
R = VP/VL 
= Total monthly volume of the product to be 
pumped through the pipe line immediately 
up-stream from the terminal in barrels. 
VL = Total month'y volume of all products to be 
pumped through the pipe line immediately 
up-stream from the terminal in barrels. 


1 — Calculate the maximum tender (Vt/n) and 
the portion of the month the terminal will 
receive the product (R). 

2 — Find the intersection of the above (Vt/n 
and R). 

3 — Read the tankage required on the tankage 
(T) scale. 

4 — Add allowance for weekend arrival (Vt/15) 
and tops and bottoms. 

5 — If the maximum tender (Vt/n) is greater 
than 100,000 multiply its scale and the 
tankage (T) scale by 10. 

Conversely, if the maximum tender is less 
than 100,000 divide its scale and tankage 
scale by 10, 








that these two tests must check to within 
0.04 per cent of each other and within 
minus (smaller volume than recorded by 
meter) 0.04 per cent or plus (larger 
volume than recorded by meter) 0.06 
per cent of the “zero” mark on the 
prover tank scale. From a customer 
viewpoint, the accuracy of the metering 
equipment would permit an overage of 
only 3 gal on a 5000-gal transport load 
and would permit a shortage of only 2 
gal on a 5000-gal delivery. These dif- 
ferences are so small that they can 
hardly be measured in the transport 
truck tank or the destination storage 
tank. 

If the two tests do not come within 
9.04 per cent of each other, an investi- 
gation is made to determine whether the 
meter needs servicing or whether a mis- 
take or carelessness is responsible. for 
the variation in quantities delivered into 
the prover tank. 

If the two tests come within 0.04 per 
cent of each other but not within minus 
0.04 per cent or plus 0.06 per cent of the 
zero mark on the prover tank scale, the 
meter “calibrator” is adjusted and pairs 
of additional tests run until accuracy 
specifications are met. 

When these required accuracy specifi- 
cations are met, the meter is considered 
satisfactory and is sealed. 

\ separate test form is maintained for 
each meter, and because it is a continu- 
ous record, it provides all the pertinent 
data regarding tests made and adjust- 
ments required. This form will provide 
a complete historical record of meter 
performance. 

All our terminals have been designed 
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to use meters for measuring volumes re- 
ceived and disbursed. It is conceivable 
that if we were required to design a 
terminal without meters, we would pro- 
vide additional tankage for controlling 
receipts while making disbursements of 
the same brand. 


“Computing Tank Sizes 


As cost of terminal tankage is a major 
item in the initial investment of prod- 
ucts pipe line terminals, it is important 
that consideration be given to erecting 
tanks of the proper size at each terminal. 
It is essential that a tank size be pro- 
vided that allows for future increases 
in terminal throughput, as well as tank 
working room for operation of the line 
under adverse conditions, without erect- 
ing excessive tankage. 

With costs and pipe line operation in 
mind, a formula, based on operating ex- 
perience, has been derived by the 
Products Pipe Line Department of 
Standard Oil Company (Indiana). It is 
currently in use by our company for 
tankage calculations. This formula pro- 
vides a safe minimum tank size to handle 
required terminal volume, provides tank- 
age for foreseeable increases in terminal 
throughput, and permits a reasonable 
number of tenders each month. 

Basis of Method. One tank is usually 
provided for each product at a terminal 
and the formula is developed from this 
basis. If it is desirable to construct more 
than one tank for a specific product at a 
terminal, however, the total tank volume 
determined from the formula, before 
adding space for tank bottoms and out- 
age at top, can be divided by the num- 





ber of equal volume tanks desired. 

The proper tank size for a specific 
product at a terminal is obtained by an 
analysis of a 5-year forecast of esti- 
mated volume requirements in order to 
allow for future demands. The volume 
selected is the maximum estimated to 
be shipped from the terminal in any 
month during such period; and the cor- 
responding pipe line receipt for that 
month. 

To calculate tankage by the formula 
the following data are required: 

1. Maximum monthly volume of the 
product to be shipped from the terminal. 

2. Total maximum monthly volume of 
the product to be pumped through the 
pipe line immediately upstream from 
the terminal. . 

3. Total maximum monthly volume of 
all products to be pumped through the 
pipe line immediately upstream from 
the terminal. 

4. Number of tenders of the product to 
be pumped during each month. 

5. Allowance of tank space for over- 
shipment of product by terminal (esti- 
mated to be one-third of the terminal 
requirement between receipt of ten- 
ders). 

A terminal will usually overship dur- 
ing certain periods of the month, a con- 
dition that may be caused by such 
factors as unfavorable weather forecasts, 
threatened strike, or upward price ad- 
justments. 

6. Allowance of tank space for under- 
shipment of product by terminal (esti- 
mated to be one-half of the maximum 
tender to be delivered to terminal). 

When a product tender is pumped into 
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a pipe line, each terminal must have 
sufficient tank space available to hold 
its proportional share of the total tender 
in the event of bad weather, reduced de- 
mand, inability to ship, strikes, etc. Op- 
erating under this principle avoids a line 
shutdown during localized adverse con- 
ditions, which would disrupt receipt of 
needed stocks at terminals operating 
under normal conditions. 

7. Allowance for arrival of product on 
nonshipping days (week-end arrival). 
Calculated by multiplying the daily 
average shipping rate by two. 

8. Allowance of outages for tops and 
bottoms. Outages are added after proper 
tank size is determined, as allowance 
* varies with diameter and type of tank. 
(Normally a total of 3 ft of space is al- 
lowed for tops and bottoms of cone roof 
tanks and a total of 4-ft of space for 
tanks of the floating roof or lifter type). 


Development of Tankage 
Formula 

Symbols to be used are as follows: 

V. = maximum monthly volume of the 
product to be shipped from 
terminal, bbl. 

V, = total monthly volume of the 
product to be pumped through 
the pipe line immediately up- 
stream from terminal, bbl. 

V, = total monthly volume of all 
products to be pumped through 
the pipe line immediately up- 
stream from terminal, bbl. 

n = normal number of tenders of the 
product to be pumped during 
each month. 

R = V,/V, portion of month the 
terminal will receive the prod- 
uct. 

Q, = quantity required between tend- 
ers. 

Q., = quantity required for undership- 
ments. 

Q, = quantity required for overship- 

ments. 

= quantity required for week-end 

arrival of product. 

T = total working tank volume re- 

quired (excluding tops and bot- 
toms). 


Derivation of Formula 

T = quantity required between tend- 
ers, plus one-half maximum 
tender (undershipments), plus 
one-third quantity required be- 
tween tenders (overshipments), 
plus quantity shipped in two 
days (week-end arrival). 


T= 90,+90.4+9,4+Q, 
Q, = quantity required between tend- 
ers. 


The maximum monthly volume 
of the product to be shipped 
from terminal (V,) minus quan- 
tity shipped from tank while re- 
ceiving product (V; x V, or V; 

Vy 


4 
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XR) divided by number of 
tenders of product pumped (n). 














— Ve— (Ve X R) 
n 
_ Vi — Vi XR 
n n 
UD 
A 


Q, = undershipments. 


One-half of maximum terminal 
volume on specific product (V;) 
divided by number of tenders 


(n). 
V V 
= aed | ie weet 
n 2n 


Q, = overshipments. 


One-third of quantity required 
between tenders (Q,). 


V 
= %Q=%—(1—R) 
Ve 
“eo 
Q, = week-end arrival—two shipping 
days. 


Volume from terminal (V,) di- 
vided by 30, multiplied by 2. 


Vi _ Ve 
ry 
Since: 
T=Q0,+0,.4+9,4+ Q, 
Then: 
n 2n 


V, V. 
ern +e 


V 
=—(1-R+%+%—R/3) 
+V,/15 
T= Mt (11/6 —4R/3) i 
n 15 


Note: Formula for T is not fac- 
tored further because graph is 
plotted with V; as abscissa. 


n 


Determination of Tank Size by 
Graph. To represent the tankage for- 
mula graphically, it is necessary to 
omit allowance for the two nonshipping 
days for week-end arrival of product 
(V,/15). This amount must be added 
to the volume determined from the 
graph in order to select proper tank size 
exclusive of outages (tops and bottoms). 
Graph is constructed by using the maxi- 
mum tender as abscissa and tank vol- 
ume required as ordinate with a series 
of curves representing the portion of 


time the terminal will receive the pi :d- 
uct. (Stepwise method of developing 
graph can be found at the end of this 
article.) 

The following example explains } ow 
the size of a terminal tank is determined 
by the graphical method: 

Problem: To calculate size of tank 
required for heater oil No. 1 at ‘er. 
minal “X”. 

Conditions: 

1. Maximum monthly volume of 
heater oil No. 1 to be shipped from 
Terminal “X” = 72,000 bbl. 

2. Total monthly volume of heater oil 
No. 1 pumped through the pipe line im- 
mediately upstream from Terminal “X” 
= 300,000 bbl. 

3. Total monthly volume of all prod- 
ucts to be pumped through the pipe line 
immediately upstream from Terminal 
“xX” = 900,000 bbl. 

4. Normal number of tenders of the 
product to be pumped during each 
month = 2. 

(In a 30-day month, with two tenders 
per month, tenders are 15 days apart.) 

Tank size is selected by graphical 
method by determining (1) the maxi- 
mum tender V,/n and (2) the portion of 
the month terminal receives the product 
V./Vz = R. 


Using example above: 


Vi 72,000 = 36,000 


n 2 
Ye 300,000 


Vi 900,000 





= 0.333 


Read across bottom of graph, “Maxi- 
mum Tender Size,” to 36,000 and then 
vertically to intersect a line where R 
equals 0.333; thence, from this point of 
intersection horizontally across graph to 
read volume as 50,000 bbl. As the graph 
does not include the two nonshipping 
days, we must add 4800 bbl to determine 
volume to be 54,800 bbl (exclusive of 
outages). 





Vv 
Nonshipping days = —* 
onshipping days 15 
V, 72,000 
15 £415 = a8 


The tank size as determined by this 
method will handle adequately volumes 
for all months regardless of seasonal 
changes. 


Preparation of Charts 


In the preparation of graphs for tank- 
age, using the method outlined here, the 
procedure and requirements are: 

1. Assume maximum fender of 100,- 
000 bbl. 

2. Find tankage required by substi- 
tuting various values of R (portion of 
month terminal receives stock) in tank- 
age formula. 

3. Plot values determined in (2) on 
100,000-bb] ordinate. 

4. Draw lines from points plotted in 
(3) to the original point of the abscissa 
and ordinate axes. zx 
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Electrical Pressure Instrumentation* 


P 615.55 


Pumping station pressures are transmitted to con- 
trol room by new method devised by Plantation 


T HIS paper deals with the development 
of new type electrical pressure indicat- 
ing instruments for the operation of pe- 
troleum pipe line pumping stations. The 
following work, as described, is the re- 
sult of a research project initiated by 
Plantation in January 1948. The pur- 
pose of this project was to develop elec- 
trically a means for transmitting the 
various station pressures to the control 
room in an effort to obtain a system that 
would be simpler, more accurate, safer, 
and require less calibration and main- 
tenance than present available instru- 
ments. 

Conventional bourdon-operated pres- 
sure instruments require small fluid 
control lines through which the inflam- 
mable product is piped from the point 
of pressure pickup to the instrument 
for indication or control. These control 
lines, normally installed underground, 
are subject to becoming plugged with 
dirt and corrosion products, internal 
and external corrosion, and fitting leak- 
age resulting from vibration, etc. A po- 
tential fire hazard also exists when in- 
flammable product is brought into the 
control room in the vicinity of switch- 
gear and other electrical equipment that 
is not explosionproof. Underground 
leakage of control piping constitutes a 
serious hazard and is difficult and expen- 
sive to repair. Corrosion of these small 
lines is often difficult to keep under con- 
trol. In 10 years of operation on Plan- 
tation, it has been necessary to com- 
pletely replace the control lines at 18 
stations as a result of corrosion alone. 
The cost of replacing these control lines 
ranges from approximately $1800 to 
$6000 depending upon the size of the 
station. 


In the operation of a products pipe 
line it is usually necessary to maintain 
maximum product throughput. The con- 
tinued accuracy of indicating and con- 
trol instruments, therefore, becomes an 
important factor when operating a pile 
line at its maximum line capacity. For 
example, an over-reading gage on sta- 
tion discharge or an under-reading gage 
on station suction will cause the station 
to throttle before the upper or lower 
operating limits are reached. Accuracy 
in small pressure differentials between 
indicating gages is also important in 
determining the condition of filter cart- 


*Presented before the American Institute of 
Elec'rical Engineers, Winter General Meeting, 
Hote! Statler, New York, January 21-25, 1952. 
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ridges and the drop across the station 
control valve. It has been Plantation’s 
experience that frequent calibration of 
the present bourdon gages against dead 
weight test has been necessary to pro- 
vide reasonable accuracy. Inasmuch as 
the frequent calibrations must be per- 
formed by division maintenance person- 
nel, considerable maintenance costs are 
involved in labor, vehicle, and travel. 

With the above factors in mind, it was 
believed that a properly designed elec- 
trical pressure measuring system would 
provide a high overall accuracy over 
long periods of time and require very 
little maintenance. The use of a suit- 
able transducer at the point of pressure 
pickup to convert hydraulic pressures 
into electrical quantities would com- 
pletely eliminate the small fluid control 
piping with its inherent corrosion and 
maintenance problems. An _ electrical 
circuit also is capable of having a cali- 
bration circuit included in order that 
station operating personnel can quickly 
calibrate the system to maintain its 
accuracy. 


System and Instrumentation 
The present Plantation Pipe Line sys- 
tem consists of 1261 miles of products 
pipe line with 18 delivery terminals. The 
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12-in. main line originates at Baton 
Rouge, Louisiana, and extends 456 miles 
to Bremen, Georgia. At Bremen the 
main line reduces in size to 10-in. and 
continues approximately 357 miles to 
Greensboro, North Carolina. Helena, 
Alabama, is a lateral input point for an 
8-in. line to Birmingham, Alabama, and 
a 4-in. line to Montgomery, Alabama. 
Bremen, Georgia, is also a lateral input 
point for an 8-in. line serving Chatta- 
nooga and Knoxville, Tennessee, and a 
4-in. line serving LaGrange, Columbus, 
and Macon, Georgia. Baton Rouge, 
Helena, and Bremen have working stor- 
age facilities of approximately 1,752,- 
000, and 270,900, and 767,600 bbl, re- 
spectively. 

There are 15 pumping stations on the 
12-in. main line and 14 pumping sta- 
tions on the 10-in. main line. Of this 
total number, 15 of the stations are 
termed “original” stations and are on 
approximately 60-mile spacings. The 
remainder are termed “intermediate” or 
“booster” stations and are situated be- 
tween the “original” stations. Each sta- 
tion on the 12-in. line is equipped with 
two 900-hp electric motors driving 8 by 
10, 3-stage centrifugal pumps. Two 600- 
hp motors driving 6 by 8, 4-stage cen- 
trifugal pumps are used on the 10-in. 
line stations. The main line pumps at 
all stations are connected for series 
pumping. At the “original” stations, two 
high pressure hay tanks are installed 
on the suction side of the station and 
serve as filters for the product and to 
prevent scraper parts or other solids 
from entering the pumps. 

The pipe line is operated as a closed 
system with the discharge of one station 
pumping directly into the suction of the 
next station downstream. Each station 
is controlled on pressure by means of 
an air-operated control valve placed on 
the discharge side. A.pneumatic con- 
trol instrument automatically operates 
this valve to control the station for low 
suction or high discharge pressure in 
the conventional manner. In addition to 
various other protective devices, Mer- 
coid switches on the station suction and 
discharge lines will shut the station 
down if suction pressure goes below 40 
psi or station discharge pressure ex- 
ceeds the upper operating limit of 975 
psi. 

Flow is recorded at every pumping 
station by means of a pneumatic flow 
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FIG. 1. Pneumatic pressure transmitters and power 


supply for electric pressure gages. 


transmitter connected across the orifice 
on the discharge side of the station and 
its associated recording instrument in 
the control room. 

Five sight indicating pressure gages 
are required at each of the original sta- 
tions. These are: Station suction, pump 
suction, intermediate, pump discharge, 
and outbound line pressures. These in- 
dicating pressure gages are mounted in 
the control room. The difference be- 
tween the station suction and pump suc- 
tion pressures provides an indication of 
the condition of the filter cartridges in 
the hay tanks. The amount of throttling 
across the control valve is evidenced by 
the pressure differential between the 
pump discharge and outbound line pres- 
sure gages. It is around this pressure 
gage system that the development of 
electrical pressure measuring instru- 
ments, described in this paper, takes 
place. 


Experimental Installation 


Early in 1948, Plantation made a sur- 
vey of the available types of electrical 
pressure pickups that would convert 
hydraulic pressures into electrical quan- 
tities. Various types were investigated. 
The Baldwin SF-4 strain gage pressure 
cell was selected because of its simplic- 
ity, accuracy, and lack of moving parts. 
This cell had also proved to be rugged 
and capable of withstanding severe over- 
loads and shock in a series of pressure 
surge measurements conducted under 
another project. 

In April, 1950, a complete experi- 
mental electrical pressure gage installa- 
tion was made in Plantation’s Center 
station near Athens, Georgia. This sta- 
tion is an original station on the 10-in. 
line, having two 6 by 8, 4-stage pumps 
driven by 600-hp motors. The electric 
pressure indicating gage system consists 
of a central power supply, five strain 
gage pressure cells mounted at the va- 
rious points on the station piping, and 
five indicating meters installed in the 
gage board in the control room. The 
application of the strain gage pressure 
cells and associated circuits for this in- 
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stallation was designed by the manu- 
facturer of the pressure cells in accord- 
ance with Plantation’s general specifi- 
cations. 

The central power supply is an elec- 
tronic voltage-regulated rectifier that 
supplies d-c voltage to all the pressure 
cells. It is situated in the switchgear 
room and is shown mounted on end in 
the righthand cabinet in Fig. 1. A ter- 
minal block is also provided, through 
which the output of each pressure cell 
is fed to its corresponding indicating 
meter. 

Fig. 2 shows the installation of a pres- 
sure cell on the outbound line at Center 
station. The valving of the pressure cell 
is so arranged to allow the pressure to 
be removed for electrical calibration. If 
necessary, a dead weight test pressure 


FIG. 2. Installation of strain gage 
pressure cell—Center station. 





can also be applied to the cell witheut 
removing it from the line. Conduit con- 
nections are made from the opposite end 
of the cell for the 4-connector shielded 
cable run to the power supply. 

The strain gage pressure cells. shown 
in more detail in Fig. 3, consists c! a 
hermetically sealed steel shell on ihe 
inside of which is a pressure sensitive 
tube. Resistance wire strain gages re 
bonded to, but insulated from, the «wut- 
side surface of this tube and connected 
to form a Wheatstone bridge. Strain in 
this tubular member due to pressure is 
imparted to the wire and thus electri- 
cally unbalances the bridge by an 
amount proportional to the applied 
pressure. The unbalanced d-c voltage 
is fed directly to the indicating meter, 
which is graduated in pounds per 
square inch. 


Fig. 4 shows the control console and 
gage board at Center station with the 
five pressure indicating meters. These 
meters are sensitive galvanometer type 
instruments (0 to 8 millivolts full scale). 
The output of the strain gage bridge 
at rated capacity is one millivolt out 
for each volt input. An instrument of 
this type, therefore, can be used without 
amplification. 

Below each instrument are three con- 
trols. The control on the left is an off-on 
switch, which enables the instrument to 
be isolated from the circuit for check- 
ing the mechanical zero or removal 
from the panel, if necessary. The center 
control is a snap-action pushbutton that 
places a fixed resistance in parallel with 
one of the legs of the Wheatstone bridge 
in the pressure cell. This resistance un- 
balances the bridge by a fixed value 
corresponding to a certain pressure, 
which is red-lined on the instrument 


FIG. 3. Close-up of SR-4 
pressure cell. 
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FIG. 4. Electric pressure gage system—Center station. 
Control desk and gage board—experimental. 


scale. The control on the right is a 
potentiometer, which will adjust the 
needle deflection to the red line if re- 
quired. As the response of the pressure 
cell is linear with respect to pressure, 
it is only necessary to calibrate at one 
point on scale. On this first installation, 
the pressure cell is included in the cali- 
bration circuit, and it is necessary to 
remove the product pressure during the 
calibration procedure. 

Automatic pressure control of the sta- 
tion is also obtained by the use of SR-4 
strain gage pressure cells. For this con- 
trol, two pressure cells are used, one 
mounted on the pump suction and one 
mounted on the outbound line. Two 
pneumatic pressure transmitters situated 
in the switchgear room (one for suction 
and one for discharge) receive the elec- 


td 


FIG. 5. SR-4 pressure measuring system. 
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trical pressure intelligence from the 
cells and convert to control air pressure 
for actuating the suction and discharge 
pen arms in the control instrument. 
These pressure transmitters are shown 
on the upper left in Fig. 1. 

This experimental installation was in 
operation at Center station for approxi- 
mately a year and a half. During this 
period the only maintenance required 
was the replacement of vacuum tubes 
in the power supplies, which amounted 
to something less than $15. Tube re- 
placements were handled by station op- 
erating personnel in addition to the com- 
plete calibration of the pressure meas- 
uring system as required. Although it 
was not necessary for division office per- 
sonnel to run dead weight calibrations 
during this period, a complete dead 


weight calibration was made for experi 
mental information, and the system a: 
curacy was well within 1 per cent. 


New System 


The favorable performance of the 
experimental installation of electrical! 
pressure measuring equipment at Cen 
ter station led to its incorporation in 
both the new and existing pumping sta 
tions in Plantation’s recent expansion 
program. 

The expansion of the Plantation Pipe 
Line system, which is now largely com- 
plete, involves the laying of an 18-in. 
line parallel to the present 12-in. line 
and a 14-in. line parallel to the present 
10-in. line. Pumping facilities for the 
18-in. line consist of seven stations on 
60-mile spacings. Each station has three 
900-hp electric motors driving 10 by 10 
by 1414, single-stage centrifugal pumps 
with provisions for a future additional 
pumping unit. The 14-in. line will have 
five pumping stations. Each of these 
stations has two 830-hp motors driving 
8 by 10, 3-stage pumps, also with pro- 
vision for an additional unit. The build- 
ings for the new stations consist of an 
extension on the present “origina!” sta- 
tions, thus making each location a dual 
pumping station. The new pipe line 
through these dual stations functions as 
an entirely separate and independent 
pipe line system; however, both lines 
are controlled from the same contro! 
room. 

Experience obtained in the operation 
of the experimental electrical pressure 
gage system at Center and adapting the 
system to design requirements of the 
new dual control consoles indicated that 
certain changes and improvements were 
desirable. The two complaints received 


FIG. 6. Installation of SR-4 console 
in switchgear room.—Center station. 


BAL DWN, 


SR. 4 PRESSURE MEASURING SYSTEM 














0-13 MILLIVOLTS A.C. 
DEPENDING ON PRESSURE 


0-5 VOLTS A.C. 
DEPENDING ‘ON PRESS. 








SOLA CONST. 270 VOLTS D.C. 
VOLTAGE 


AMPLIFIER 














6.3 VOLTS A.C. 
TRANS. 115 VOLTS A.C. \ 


r AMPLIFIER 
PRESS. 

















115 VOLTS REGULATED] POWER 
60 aor a. SUPPLY 


BRIDGE 








INDICATING METER 








TRANS. 





JUNCTION 


pay oar 

















13 VOLTS A.C} 


' 





_ ee 





PRESSURE] 

















+—fawrures oe 


0-13 MILLIVOLTS A.C. 
DEPENDING ON PRESS 




















FIG. 7. Block diagram SR-4 pressure measuring system. 





from operating personnel at Center con- 
cerned the relatively slow response time 
of the meters in following very fast pres- 
sure changes and poor readability of 
all instruments from one position. It 
will be noted from Fig. 4 that the instru- 
ment scales are convex, and for an ac- 
curate reading it is necessary for the 
operator to stand in front of each needle. 
It was also considered desirable to elim- 
inate the vertical gage board entirely 
and mount the pressure indicating 
meters in the face of the control desk 
in order that the operator would have 
an unobstructed view of the pump room. 
Reducing the number of vacuum tubes 
to a minmum would further reduce re- 
placement costs and down time of the 
equipment due to tube failure. 

Fig. 5 shows the component parts of 
the redesigned pressure measuring sys- 


FIG. 8. Chassis of main power supply. 





tem as it is installed in the new ex- 
panded pumping stations. The power 
console is shown on the right. The 
pressure indicating meters and pressure 
cells are at the left. Fig. 6 shows the 
installation of the power console in the 
switchgear room of one of the new 
stations. 

This system differs from the original 
system mainly in that its operation is 
a-c instead of d-c and that an individual 
amplifier is used between each pressure 
cell and its indicating meter. This 
change enables all vacuum tubes in the 
main power supply to be eliminated. 
An amplifier on the output of each 
pressure cell also permits the use of a 
more rugged meter, better readability, 
fast response time, and one which can 
be mounted in the horizontal position. 
One of the power consoles installed 


FIG. 9. Chassis of emplifier. 
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in Center station is shown in Fig. 6. Th's 
is a six pressure channel instrume:::. 
Fig. 7 shows a block diagram of 1 
pressure measuring system. It will |. 
noted that the console is divided ii‘o 
four sections. The bottom section is ¢!: 
junction unit and is shown with the 
cover removed. It contains terminal 
block connections for the four-condi:c- 
tor shielded cables from the pressure 
cells, the 115-v a-c main power for tie 
system, and terminal block connecticis 
for the multiple twisted pair cable from 
the amplifier outputs to‘the indicatiag 
meters. A bridge transformer mounted 
immediately behind the junction unit 
panel supplies the pressure cells with 
an input of approximately 13-v a-c. A 
Solar type voltage-regulating transform. 
er is used ahead of the console to take 
care of any supply voltage variations. 
This transformer can be seen mounted 
below the console in Fig. 6. The next 
section is the main power supply. It is 
of drawer type plug-in construction and 
contains no vacuum tubes. See Fig. 8 
for view of the chassis of this unit. It 
contains a transformer, selenium recti- 
fiers, and associated filter circuit, which 
supplies d-c plate voltage for the tubes 
in the amplifiers. This plate voltage 
is indicated by a meter in the front 
panel. Filament voltage is also supplied 
by a transformer mounted in this unit. 
The front panel of the main power sup- 
ply contains indicating lights for con- 
sole power, line power, filament volt- 
age, and blown fuse indicating lights 
on the Solar primary, power trans- 
former, and bridge transformer. The 
third section is a storage unit for stor- 
ing spare tubes, fuses, pressure cells, 
etc. The upper section contains an 
amplifier for fuses, pressure cells, etc. 
The upper section contains an amplifier 
for each pressure cell. These amplifiers 
are also of plug-in construction held 
in position by captive screws. All 
amplifiers are interchangeable. Fig. 9 
shows the chassis of one of the ampli- 
fiers. 

With 13 volts a-c impressed upon the 
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¢ % * Another train load of 26” Master Line Pipe on 
/ its way to its destination. 


S$ of Line Pipe Production 
Can we assist you? 








Line pipe construction is big business and 
Master Tank and Welding has the facilities and 
experienced personnel to manufacture Hi-Test 
API 5LX Expanded Line Pipe. Limited ton- 


nage available. Let us book your requirements. 

Call, wire, or write us your specifications. 
Our sizes range from 20” through 30” in sec 
tions 30’ to 3114’ long. 


| Master Tank and Welding invites you on a conducted 
| tour through their plant any time you are in Dallas. 
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bridge of a pressure cell, the output of 
the cell at maximum rated pressure is 
13 mv or 1 mv out for each volt in. The 
amplifier is a two-stage amplifier using 
a 5691 Red Line tube with an expected 
filament life of 10,000 hr. Ahead of the 
first stage is a step-up transformer that 
transforms a 13-mv signal to approxi- 
mately 0.2 v. The amplifier employs 
high degenerative feedback for stability 
and therefore limits amplification of 
the above signal to approximately 5 v, 
which is required to drive the indicating 
meter full scale. A tank circuit tuned 
to 60 cycles is used in the plate circuit 
of the second stage. The screw driver 
adjustment on the rear of the chassis 
(Fig. 9) is used to adjust the output 
of the amplifier to the desired value 
with a known dead weight on the cell 
upon installation. 

On the front of each amplifier are 
three controls and a selector switch. 
The resistance balance and capacity 
balance are for setting the zero of the 
pressure channel and for balancing out 
any in-phase and out-of-phase signal 
voltages present with no pressure on 
the cell in the “operate” position. The 
calibrate adjust is set with dead weight 
calibration so that when the selector 
switch is thrown to “calibrate” position, 





an electrical signal is produced that is 
identical to that produced by a pressure 
of seven-tenths of rated capacity of the 
pressure cell. Each pressure indicating 
meter is red-lined at seven-tenths of its 
scale for calibration. Just inside the con- 
trol desk, a calibration strip is pro- 
vided that contains a potentiometer for 
each meter. The potentiometer is used 
to bring the needle to the red line, if 
required, to complete calibration. It is 
not necessary with this system to remove 
pressure from the cell in order to cali- 
brate. The zero position of the selector 
switch is used when it is desired to set 
or check the mechanical zero of the pres- 
sure indicating meter. 

The indicating meters used with this 
system are dial type having approxi- 
mately 270-deg needle swing. The scale 
is beveled to the needle to provide bet- 
ter readability and to eliminate paral- 
lax. They are standard Westinghouse 5- 
volt a-c rectifier types voltmeters and 
are connected directly to the a-c out- 
put of the amplifiers. 

Fig. 10 shows a typical control desk 
that is being used in the dual pumping 
stations. The one pictured is for Center 
station. The new 14-in. line is controlled 
from the left-hand console and the 10- 
in. line is controlled from the right-hand 


FIG. 10. New dual control desk showing pressure indicating meters in desk top. 

















































console. Pressure and -flow control in- 
struments for each line are mounted in 
the vertical instrument panels. This ar- 
rangement provides the operator wiih 
an unobstructed view of the pump 
room. Fig. 11 is a close-up of the con- 
trol desk top for the 18-in. line at Baton 
Rouge station. The electrical pressure 
indicating meters are mounted direc'|y 
in the face of the desk top and are fitted 
into the schematic flow and piping dia- 
gram for the station. Each meter is dia- 
grammed to the point on the station 
piping from which the pressure is 
taken. The pressure indicating meters 
are also of the same design as the volt- 
age and motor current meters to pro- 
vide uniformity of design. 

All of the new expanded stations use 
SR-4 pressure cells in conjunction with 
pneumatic pressure transmitters to pro- 
vide pressure intelligence for the opera- 
tion of the suction and discharge con- 
trollers as described for Center station. 
Flow controllers are used at main line 
input stations and flow recorders at the 
remainder of the stations. Each flow 
instrument also operates from a strain 
gage differential pressure cell connected 
across the orifice on the discharge side 
of the station. Although this type of 
instrumentation is relatively new with 
regard to petroleum pipe line applica- 
tion, it is described only briefly as it is 
production equipment and further infor- 
mation is available. 


Conclusions 


The improved electrical pressure 
measuring systems have exceptional 
stability of operation, response rapid 
enough to follow sharp surges, and be- 
cause of the rectifier type of indicating 
meter, it is insensitive to high-frequency, 
low-amplitude pressure fluctuations nor- 
mally present in centrifugal pumps. This 
feature provides an electrical damping 
or “snubbing” effect to eliminate un- 
necessary movement of the needle. 

With the exception of the needle in 
the indicating meter, there are no mov- 
ing parts in the entire pressure measur- 
ing system. 

Based on experience with the experi- 
mental installation at Center, mainte- 
nance costs have been negligible and 
consist only of tube replacements. Tube 
replacements in the new system should 
be further reduced by the use of Red 
Line tubes, which have a guaranteed 
filament life of 10,000 hr. 

All normal maintenance and calibra- 
tion of the system can be handled by 
station operating personnel instead of 
by division personnel with their labor, 
travel, and vehicle expense. 

Corrosion problems should be re- 
duced, leaks eliminated, and increased 
accuracy of long periods of time at- 
tained. 

The initial cost of the electrical pres- 
sure measuring equipment is consider- 
ably higher than the conventional type. 
which uses fluid control piping; how- 
ever, it is believed that the above tac- 
tors will overbalance the higher cost and 
provide a fast pay-out. ak k 
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Gas Turbine in Pipe Line Pumping” 


Initial installation on gas transmission system 


indicates extent of equipment’s suitabilty 


T. J. PUTZt 


Tue development of long, large gas 
transmission pipe lines, which carry 
natural gas from the field to the market, 
have made this fuel an important factor 
in supplying the energy requirements 
of the United States. Up until the de- 
velopment of these transmission lines, 
natural gas did not supply a large share 
of the country’s energy requirements as 
it is found in a relatively small area in 
the United States far from major con- 
suming regions of the country. Of the 
proved gas reserves, approximately 90 
per cent are situated in seven south- 
western states, with approximately 70 
per cent in only two of the states, 
namely, Texas and Louisiana. These 
same seven states currently produce ap- 
proximately 80 per cent of the natural 
gas consumed and supply 85 per cent 
of the natural gas transported over 
state lines. 

The present mileage of main gas 
transmission pipe lines in the United 
States is in the order of 100,000 miles 
with an installed compressor horse- 
power of approximately 3,500,000. Ap- 
proximately 60 per cent of this total 
mileage are in transmission systems 


*Presented before The American Society of 
Mechanical Engineers, Atlantic City, New Jer- 
sey, November 25-30, 1951, under the full title, 
“The Gas Turbine’s Contribution to Gas Pipe 
Line Pumping.” 

jManager, gas turbine engineering division, 
Westinghouse Electric Corporation. 


with an excess of 450 miles length op- 
erated by 16 major companies. These 
lines have a total of 2,700,000 -installed 
or authorized compressor horsepower. 
There has been a particularly rapid 
growth since 1945 in the large size trans- 
mission line mileage. In 1945 there were 
1000 miles of gas pipe lines above 25 
in. diameter out of a total of 61,100 
miles. Currently there are over 17,000 
miles of gas pipe lines 25 in. and above 
either installed or authorized. 

The first 30-in. transmission line was 
placed in service for Southern Califor- 
nia Gas Company and Southern Coun- 
ties Gas Company of California on Oc- 
tober 36, 1947, and the longest pipe line 
in the world, also 30 in., was placed in 
service early this year by the Trans- 
continental Gas Pipe Line Corporation. 
This line is 1840 miles long and ex- 
tends from the Rio Grande to New York 
City. The first 34-in. line is being com- 
pleted by Pacific Gas and Electric Com- 
pany. To date, no 36 in. line has been 
constructed although Transcontinental 
Gas Pipe Line Corporation has consid- 
ered the looping of its present 30-in. line 
with one of that size. Pipe of 36-in. 
diameter can be manufactured and is 
available in welded seam pipe. 

This accelerated expansion can best 
be measured by the percentage of the 
total fuel requirements supplied by nat- 





FiG. 2. Major natural gas areas and transmission pipe lines within the United States. 
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FIG. 1. Construction scene on large diam- 
eter gas transmission line. 


ural gas. In 1945, gas supplied 12.6 per- 
cent of the fuel energy while coal sup- 
plied 51 per cent. In 1949, gas had risen 
to over 19 per cent and coal had de- 
clined to less than 40 per cent. One of 
the major reasons for the drastic change 
has been the ratio of labor cost to capi- 
tal investment. The production and mar- 
keting of coal requires a high labor cost 
in proportion to other costs, with rela- 
tively low capital investment. In com- 
parison, the major portion of the deliv- 
ered price of natural gas is the result 
of high fixed capital investment. The 
supply is generally obtained under long 
term contract at a fixed price or at 
price escalations that are small in com- 
parison with the delivered price. As a 
result the commercial price of natural 
gas can be maintained at fairly uniform 
levels for relatively long periods of time. 
In addition, as labor costs increase, nat- 
ural gas is placed in a more and more 
favorable position in the fuel market. 
This gives it in some sections of the 
country a marked price advantage over 
coal. Its stability of supply, cleanliness, 
and convenience gives it additional ad- 
vantages, 


Market Consumption 


The current total annual consumption 
of natural gas in the United States is 
now in excess of 5 trillion cubic feet not 
counting that used for repressurizing, 
field fuel, and losses. Approximately 35 
per cent of this gas was used in refin- 
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FIG. 3. Gas turbine and centrifugal compressor mounted on single bedplate, at time 


eries and in producing carbon black. 
Such use, which occurs within or close 
to the producing or gathering fields, 
does not require pipe line transporta- 
tion. The other 65 per cent is pipe line 
gas. Various authorities have estimated 
that the amount of gas transported 
through pipe lines will be doubled in 
the next 10-20 years. To handle this in- 
crease, a conservative estimate shows 
that an addition of 4,000,000 compres- 
sor horsepower will be needed. For this 
expansion to be realized, it is necessary 
that the present rate of discoveries and 
upward revision of reserves in proved 
fields keep pace. with this increased con- 
sumption. The present known reserves 
are approximately 180 trillion cubic 
feet. Interstate pipe lines own or have 
under control approximately one-half of 
this known reserve. It is estimated that 
the known reserves will have to be in- 
creased to approximately 270 trillion 
cubic feet to satisfy this predicted 
growth. This increased reserve is neces- 
sary to satisfy the Federal Power Com- 
mission requirements that a 20-year 
proved reserve be established before 
any extension of service is granted. Va- 
rious authorities have predicted that this 
increase of proved reserves is conserva- 
tive and there is every indication that 
the industry will-continue to develop at 
an accelerated rate. 

Fig. 2 shows the present major gas 
areas and gas transmission pipe lines. 
Of interest is the fact that the New 
England area is the only major con- 
suming region not currently being sup- 
plied with natural gas. However, there 
are two pipe lines now under construc- 
tion to supply this area. Of the total 
pipe line gas consumption approxi- 
mately one-third was in the southwest 
producing area. When the entire south- 
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west region is considered the total con- 
sumption is approximately one-half, be- 
ing over 114 trillion cubic feet annually. 
The Middle Atlantic district is the next 
largest with a consumption of 650 bil- 
lion cubic feet. The other major area 
is the Middle West with a total of ap- 
proximately 500 billion cubic feet an- 
nually. 


Compressor Horsepower 
In the past the major portion of thie 


compressor horsepower requirements 
have been supplied by. reciprocating 
type compressors driven- by direct con- 
nected reciprocating gas engines. Gas 


t 


FIG. 4. Gas turbine unit installed in station. Compressor unit is beyond firewall. 


of shipping. 


compressors were situated in stations 
spaced from 75 to 100 miles apart and 
the gas would be compressed to be- 
tween a pressure ratio of 1.5:1 to 2:1. 
These high compression ratios heated 
the gas sufficiently to make it economi- 
cal to cool the gas before returning it 
to the line in order to maintain line 
capacity. By reducing the station spac- 
ing, lower compression ratios are re- 
quired and the need for gas cooling 
eliminated. The horsepower necessary 
to pump a given amount of gas can be 
reduced to 25 to 40 per cent with closer 
station spacing. The ideal compressor 
for handling large volumes of gas with 
low pressure ratios is the centrifugal 
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FIG. 5. Building housing gas turbine 
at Farmington, Missouri. 


compressor. When the Big Inch and 
Little Inch pipe lines were modified at 
the end of the last war for transporting 
natural gas in place of oil for which 
they were originally designed, centri- 
fugal compressors were developed to use 
the existing electric motor drives. The 
successful operation of these centri- 
fugal gas compressors have demon- 
strated their suitability to this type serv- 
ice. One serious drawback to the elec- 
tric motor drive is the cost of the elec- 
trical energy as compared with the 
energy cost of the gas being handled in 
the pipe line. The gas turbine, which 
produces its power rating using the fuel 
in the gas line, is an ideal drive for 
centrifugal pipe line compressors. It can 
be developed in units of large horsepow- 
er rating having relatively high rotative 
speeds and with the speed load flexibil- 
ity necessary to take care of large pipe 
line flow variations. 


Gas Turbine vs. Reciprocating 
Engine 
Comparative studies have been made 
to determine the economic advantages 
between the gas turbine driven centri- 


FIG. 7. Turbine rotor after 5000 hr of 
pipe line operation. 
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FIG. 6. Closeup of incoming gas line to centrifugal gas compressor. 


fugal compressor and the conventional 
direct driven reciprocating gas engine 
units. One study was made using these 
drives to fully develop a_ theoretical 
transmission line 1000 miles in length. 
This study was based on the assumption 
that complete spare units would be 
available to maintain design flow capac- 
ity in the event of shutdown of one unit. 
The result of this study showed that a 
26-in. OD pipe line could be economi- 
cally developed ta the same delivery 
capacity with a gas turbine driven 
centrifugal compressor as a 30-in. OD 
line with reciprocating engines. The 
optimum station spacing was found to 
be 40 miles using the gas turbine centri- 
fugal compressor with a pressure ratio 
of 1.24. The optimum spacing for the 
conventional direct driven reciprocating 
gas engine unit was 80 miles with a 
pressure ratio of 1.54. The study showed 
that the lines could be economically de- 
veloped for a capacity of 550,000,000 
cu ft per day or 170 billion cubic feet 
annually (85 per cent load factor). The 
26-in. line would require $8,000,000 less 
capital investment, 64,500 tons less steel, 
and could be operated with a reduced 





transportation cost of approximately 0.8 
cents per 1000 cu ft or a $1,360,000 re- 
duced annual cost. This study based on 
designing these theoretical lines in a 
manner to permit planned increases in 
capacity by the addition of main line 
compressor power until the ultimate eco- 
nomic operation was reached. 

A second study showed that the addi- 
tion of centrifugal compressors in the 
30-in. line between reciprocating sta- 
tions would economically increase the 
capacity of this line from 550,000,000 
cu ft per day to 670,000,000 cu ft per 
day. 

As a result of these various studies, it 
was concluded that the gas turbine 
could be used economically to drive 
centrifugal compressors on gas lines 20 
in. in diameter and larger. The simple 
single shaft gas turbine unit is ideal as 
a booster in locations where great flexi- 
bility is not required and its use re- 
stricted to taking care of peak loads. 
Where more flexibility is needed to take 
care of large pipe line flow variations. 
the dual shaft gas turbine is required. 
With the addition of a regenerator this 
unit becomes competitive on a fuel and 





FIG. 8. Longitudinal cross-section of gas turbine. 





























lubricating oil cost basis. This second 
type unit was used in the comparative 
study made for the theoretical 1000-mile 
pipe line. 


Operating Experience 


Although a large number of gas tur- 
bine driven centrifugal compressor units 
have been reported sold, only one at the 
time of writing this article (September, 
1951) has been in actual operation in 
pipe line pumping. 

Westinghouse placed in service in 
May, 1949, an 1800-hp gas turbine driv- 
ing an Ingersoll-Rand direct connected 
centrifugal gas compressor in a test sta- 
tion on a natural gas line at Wilmar, 
Arkansas. This was the first such in- 
stallation in the world and the first in- 
dustrial gas turbine in the United States 
operating with natural gas fuel. This 
test installation was on the 22-in. line 
of Mississippi River Fuel Corporation 
connecting Monroe, Louisiana, with St. 
Louis, Missouri. It was situated approxi- 
mately midway between two conven- 
tional engine driven stations at Crossett 
and Glendale. This location provided 
great flexibility in that it gave an oppor- 
tunty to test the gas turbine and the 
centrifugal gas compressor over their 
entire operating ranges. The unit was 
operated at the Wilmar location until 
the fall of 1950. At that time the Mis- 
sissippi River Fuel Corporation com- 
pleted installation of a parallel high 
pressure line, which eliminated need for 
the unit in this location. It was then 
moved to Farmington, Missouri, ap- 


proximately 60 miles below St. Louis 
and placed in service in January, 1951. 
At this new location it is used to “pack” 
the underground storage field recently 
acquired by this gas company near St. 
Louis. 

Fig. 3 shows this unit at time of ship- 
ment. The complete unit is mounted on 
a single bedplate. From left to right you 
see the turbine, combustors, compres- 
sor, and the direct connected centri- 
fugal gas compressor. Mounted on the 
side of the bedplate are the control 
valves, starting lubricating oil pump, 
fuel pump, and starting motor. The total 
unit weighs 26,000 lb and is 20 ft long. 

Fig. 4 shows the unit installed in the 
pumping station. The gas compressor is 
beyond the fire wall at the far end of 
the power unit. 

Fig. 5 shows the compressor station 
at Farmington, Missouri. The building 
housing the gas turbine unit is 20 ft 
wide by 30 ft long and 15 ft high. 

Fig. 6 shows a closeup of the incom- 
ing gas line and the Ingersoll-Rand 
centrifugal gas compressor. It com- 
presses 190,000,000 cu ft of gas from 
337 to 400-psi. 

Fig. 7 shows the turbine rotor of this 
unit after 5000 hr of pipe line opera- 
tion. Thirty-five hundred hours of this 
total was with natural gas fuel, the 
remainder with distillate fuel oil. 

In evaluating the gas turbine booster 
unit, the following features are pointed 
out: 

1. Light foundation required. 

2. Small station housing. 











It takes patience, precision, and the 
highest degree of human skill to 
change, with a few light taps, a rela- 
tively worthless stone to a priceless 
gem. In the diamond cutting indus- 
try, fortunes rest on the human 
equation. 


On the human equation, too, rests 
the efficiency of your cathodic pro- 
tection system. Efficient corrosion 
control not only requires the use of 


ELECTRO RUST-PROOFING CORP. WN. J.) 


BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES IN THE UNITED STATES 


the best equipment available, but 
depends on an exacting analysis of 
your problem, and design, installa- 
tion and testing by top-notch special- 
ists in the field. 

Hundreds of operating installations 
attest to the dependability and skill 
of the ERP engineer. Highly trained, 
and backed by years of experience, 
he can help you solve your pipe cor- 
rosion problems too. E-20, | 
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OVER 15 YEARS OF CATHODIC PROTECTION ENGINEERING, RESEARCH AND DEVELOPMENT 











THE PETROLEUM ENGINEER, Reference Annual, 1952 





3. Few auxiliaries. 

4. Low auxiliary power consumpiion. 

5. Low lubricating oil consumption, 

6. No water required. 

7. Simple piping to and from sta! ‘on, 

8. No gas line pressure pulsation.. 

9. Lends itself to automatic op:ra. 
tion. 


The experience gained from this in. 
stallation has proved that this typ< of 
gas turbine is ideal for booster service. 
The simplicity and small size allows for 
a simple low cost station, and it can 
readily be moved to various locations. 
It can be shut down for extended pe- 
riods without the expense of providing 
special protection and later can be re- 
started in an exceedingly short period 
of time without difficulty. 


Design of Gas Turbine 


Based on the operating experience 
gained with the 1800-hp simple single 
shaft unit in pipe line pumping service 
and the results of detailed studies of 
main transmission line pumping require- 
ments, we have designed and are build- 
ing a 500-hp dual shaft gas turbine with 
regenerator. Fig. 8 shows a longitudinal 
cross-section of this unit. The unit will 
have an 11-stage axial flow compressor, 
six. combustors, two-stage compressor 
drive turbine, and a single stage power 
turbine. With this arrangement the 
power turbine and gas compressor speed 
and load can be adjusted to suit vary- 
ing pipe line flow conditions. The speed 
of the compressor and the compressor 
drive turbine is 6200 rpm while that of 
the drive turbine is 6500 rpm at nominal 
full load power rating. The regenera- 
tor, which recovers approximately 75 
per cent of the available heat in the ex- 
haust gases, is of the extended surface 


type. 


Conclusion 


The contribution the gas turbine can 
make to the major gas transmission sys- 
tems in lines 20 in. and larger in diam- 
eter will be in the form of reduced capi- 
tal investment for stations and lines and 
a lower cost per unit of gas transported. 
In specific cases additional advantages 
will arise from station simplicity, free- 
dom from large water supply prob- 
lems, reduced maintenance, and ease of 
adaption for remote control or unat- 
tended operation. In addition, the gas 
turbine’s characteristic of increasing 
power with low ambients gives it extra 
rating in the winter months when the 
demand for gas is greatest. The overall 
suitability of the characteristics of the 
gas turbine-centrifugal combination of 
high flow, low pressure ratio makes it 
ideal in booster service. To these ad- 
vantages we can add the probability 
that owing to the restrictions on the use 
of steel, emphasis will be given to in- 
creasing the capacity of existing lines 
by adding boosters in intermediate sta- 
tions. The extent to which the gas tur- 
bine will capture this market for which 
it is ideally suited, is dependent on its 
acceptance by operating companies as 
a reliable unit. zeke 


/...tell the story of 
Farrel Speed Increasers 


There is one very good reason for the 
many repeat orders which Farrel re- 
ceives from old customers each year: 
No Farrel speed increaser has ever 
failed on the job. Every unit installed 
since 1932, when the SI line was 
first placed on the market, is still 
in operation, performing as well as 


on the day it was placed in service. 
This ‘“‘perfect record” provides a 
virtual guarantee of trouble-free 
operation. 

Send for full information about 
these service-proved speed increasers. 
Ask for a copy of Bulletin No. 448A. 
No cost or obligation. 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo, N. Y. Sales Offices: Ansonia, Buffalo, New York, Boston, 
Pittsburgh, Akron, Cleveland, Detroit, Chicago, Portland (Oregon), Los Angeles, 

Salt Lake City, New Orleans 
OIL FIELD REPRESENTATIVES: Hercules-Lupfer Engine Sales Co., 124 N. Boston St., Tulsa 1, Okla. 

V. W. Osborne, 860-A M&M Building, Houston 2, Texas 


as 


Five speed increasers transmitting 200 HP, with 
a 10% to 1 step-up, to high-pressure pipeline 
centrifugal pumps. This company has ordered 
sixty similar units since 1932. 
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FIG. 1. Basic telegraph circuit. 
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FIG. 2. Four channels on one pair of wires. 





Developments in Pipe Line Communications* 


Technological and operating advancements in telegraph, 


telephone, teletype, and radio and radio-microwave 


P osinve communication has been a 
very necessary part of operations from 
the beginning of pipe line oil and gas 
transportation. 

During the early days of pipe line 
operation, operating orders, messages, 
and other communications were sent to 
personnel along the pipe line by horse- 
back, or by mail. Inasmuch as most of 
the oil flowed by gravity, faster methods 
of communication were not so essential to 
successful operations as they are today. 

As pipe lines were made longer and 
pumps were installed, quick communi- 
cation contact between pump stations 
and to delivery terminals became neces- 
sary. This need for fast communication 
was met by using Morse telegraphy. 
Pole lines were built to carry the one 
wire bearing the telegraph signals be- 
tween pump stations. Telegraphers were 
employed to become oil dispatchers and 
pump-station attendants so that they 
could converse by Morse code. A basic 
telegraph circuit is shown in Fig. 1. 

These early telegraph circuits used a 
single iron wire with a ground return 
path to complete the signal circuit. Mes- 
sages were sent by making and breaking 
the circuit by means of a key, operated 
by the sender. The dots and dashes were 





*Presented before American Petroleum In- 
stitute, Division of Transportation, Chicago, 
Illinois, November 6, 1951. 

{Service Pipe Line Company, Tulsa, Okla- 
homa. 
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received by telegraph sounders at all 
points on the line simultaneously, but 
only one station at a time could trans- 
mit. 

The development of telegraph “re- 
peaters” made it possible to send mes- 
sages over much greater distances than 
was possible to transmit voice messages 
over early-day private telephone sys- 
tems. Thus the use of telegraph systems 
increased in preference to the use of the 
newly developed telephone. Soon two 
wires were used instead of one, provid- 
ing a full metallic circuit which lent it- 
self to the application of duplex opera- 
tion, or simultaneous two-way transmis- 
sion, which doubled the traffic capacity 
of the pair of wires. 

These telegraph lines usually were 
strung by the pipe line companies on 
their own private pole lines, running 
adjacent to the pipe lines. Of necessity 
this building of private facilities grew, 
because commercial telegraph lines 
often could not serve the isolated oil- 
field and pumping station locations. 

As improved telephones gained ac- 
ceptance for general business and indus- 
try use, they were connected to the 
existing pipe line company telegraph 
wires. By means of equipment developed 
to keep the telegraph dots and dashes 
out of the voice circuits, and to isolate 
the voice from the telegraph sounders, 
hoth telephones and telegraph were op- 


erated over the same pair of wires. Some 
of the pipe line companies adopted the 
telephone for their oil dispatching, 
while they retained the telegraph for 
general- message transmission. This 
enabled the dissociation of telegraphy 
from the oil dispatcher occupational re- 
quirements. 

As more circuits were needed to han- 
dle the volume of telephone traffic, addi- 
tional pairs of wires were strung on the 
existing pole lines. 

The accessibility of the private wires 
strung adjacent to the pipe line right- 
of-way served the further advantage of 
enabling majntenance and construction 
crews out on the line to contact head- 
quarters without their having to leave 
the job. These crews carried portable 
telephone sets that could be connected 
easily to the nearby wires for calling 
into ene of the stations or offices on the 
line. This usually is impracticable when 
the circuits are leased from commercial 
telephone companies because their wires 
are not often adjacent to the pipe line. 

Later technical improvements in voice 
transmission found beneficial to pipe 
line use were quickly adopted by the 
pipe line companies. By special group- 
ing of two pairs of wires, which nor- 
mally would carry two simultaneou~ 
conversations, and by using special 
transformers, a third talking circuit- 
called a “phantom”—could be obtained 
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Save Maintenance Expense 


Pipe coated and wrapped by Hill, Hubbell is insurance against unneces- 
sary maintenance expense. 


Hill, Hubbell protected pipe lasts longer because we have absolute con- 
trol over every step of the process. First the pipe is cleaned metal-bright 
with Roto-Grit Blast. All coatings and wrappings are precision applied 
at uniform temperatures. Every length is inspected with electronic holiday 


detectors before leaving the factory. 


Headquarters: 3091 Mayfield Road, Cleveland 18, Ohio 


Lorain, Ohio; Youngstown (at Girard, Ohio); Chicago Area— Hammond, Indiana (Gibson Yard) * 
* Railroad in transit privileges 
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between stations on the telephone line. 
The use of phantom circuits became 
quite popular and extensive. 

Following closely on the advent of the 
vacuum tube came the two-way vacuum 
tube amplifier, or telephone “repeater.” 
When made available to private indus- 
try, this repeater made it possible to 
extend pipe line telephone circuits sys- 
temwide without distance limitations. 
Oil dispatching by voice from some com- 
mon point on the system was made 
possible for the most extensive pipe 
lines, where this method of dispatching 
was preferred. Even those companies 
employing area or division oil dispatch- 
ing benefited from the use of telephone 
repeaters in reaching the more remote 
pump stations, which previously had 
been difficult to understand because of 
weak signals. 

In one example, where centralized 
dispatching for an extensive pipe line 
is employed, a unique modification of 
telephone is in use. Instead of the ortho- 
dox telephone instruments with bells or 
signal howlers, several loud speakers are 
installed at various locations at each 
pump station and delivery terminal. 
When the dispatcher speaks, his voice is 
broadcast through all speakers on the 
system, so that the operating personnel 
at all stations are instantly informed of 
his instructions or information without 
the normal delay experienced from an- 
swering a ring or signal call to the 
telephone. This particular circuit is 
used exclusively for dispatching. All 
other operations are discussed over an- 
other circuit in the conventional manner. 

As pipe line and field operations be- 
came more complex, more and more cir- 
cuits were needed. The development of 
“carrier current” telephony helped meet 
this need by making it possible to ex- 
pand existing telephone and telegraph 
services without adding more wires. 

Fig. 2 illustrates the use of one pair 
of wires for several circuits, employing 
carrier currents. 

A “carrier” circuit is, in principle, a 
radio circuit which operates over a pair 
of wires instead of through the ether. 
Various frequencies within and above 
the audible range which “carry” the sig- 
nals are kept separate from one another 
by filters, which prevent interference be- 
tween the several telegraph and voice 
circuits, or “channels,” like several ra- 
dios tuned to different stations. By 
means of such carrier systems, 8 to 16 
telegraph channels, or 4 to 12 voice 
channels — with certain technical and 
economical limitations — may be oper- 
ated over one pair of wires. 

One of the interesting operational 
developments involves the interconnec- 
tion of privately owned pipe line cir- 
cuits with leased commercial circuits 
through the switch board supplied by a 
commercial telephone company. This 
arrangement is made possible through 
a general agreement between the pipe 
line company and the telephone com- 
pany in the interest of eliminating the 
need for duplicate switch boards and 
telephone instruments. A typical exam- 
ple of this would be a private circuit 
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connecting adjacent pump stations with 
a district office between, where the pipe 
line owned the circuit between stations 
and leased the switch board and tele- 
phones in the district office and exten- 
sion circuits to other field offices such 
as the warehouse. An executed agree- 
ment is necessary before the private cir- 
cuits can be terminated on the switch 
board and connected to the leased facili- 
ties. 

Another operational development is 
the provision of a small private switch 
board in the dispatching office, known 
as the “dispatcher’s turret” or “dis- 
patcher’s switch board,” designed to 
serve dispatching needs. This panel pro- 
vides an immediate and direct means 
of access for the dispatcher to any cir- 
cuit without the necessity of having the 
main switchboard operator establish the 
calls. The arrangement is of particular 
value after office hours, and on Sundays 
and holidays, when the switchboard op- 
erator and wire chief are not on duty— 


- especially when circuit trouble develops. 


The dispatcher can, and frequently does, 
isolate the trouble between stations— 
and he gets a lineman started out to re- 
pair it—before the wire chief can be 
located and brought in to take over di- 
rection of the trouble repair. In this 
manner considerable communication 
outage time is eliminated. 

In recent years teletype service has 
been adopted by some pipe line opera- 
tors for message handling between head- 
quarters, division offices, and delivery 
terminals. Some of these operators— 
particularly of product lines — employ 
teletype entirely for dispatching, either 
leasing the service or buying the equip- 
ment for use on their own private lines. 
The two immediately apparent advant- 
ages are: A written record is provided 
for every order or report; and the re- 
ceiving operators at stations and termi- 


nals can do other work while the n 
sages are being received. 

When teletype machines first were in- 
stalled at pump stations, there © as 
some hesitancy to use them on the } rt 
of the station operators, who thou ht 
they would never be able to operate ‘he 
teletype-machine keyboard. A little ex. 
perience soon proved their misgiving: io 
he unfounded. To help the situaiion, 
and to conserve time, a system of cude 
letters and words is generally devel- 
oped, eliminating the necessity of sjvll- 
ing out orders and information in their 
entirety. 

A further development of the icle- 
type service is possible through its ready 
adaptability to automatic relaying of 
messages, which reduces operating per- 
sonnel at relay points. A device known 
as a “typing reperforator” may be in- 
stalled at the relay office for this pur- 
pose. This automatic relaying is profit- 
able where a busy main circuit branches 
to several destinations. It permits the 
main circuit to operate 100 per cent of 
the time while the business for each of 
the branch circuits, or between them, 
can be handled at the operator’s con- 
venience. 

Radio is also rapidly being adapted 
to pipe line communication needs, as 
well as to other oil-industry operations. 
Several pipe line companies use fre- 
quency modulated radios in their 
gagers’ cars to communicate with a 
“base” radio station at a division office 
or local headquarters. Similar mobile 
radio equipment in supervisors’ cars, 
maintenance crew trucks, and other ve- 
hicles provides immediate contact be- 
tween these units and with field head- 
quarters. In some cases this radio equip- 
ment is used in pipe line patrol planes 
to make contact with mobile units and 
pump stations. Such installations are 
providing the means of greater efficiency 
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FIG. 3. Radio (intra-division communication). 
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Pitt CHEM quality-control 

starts paying off from the minute 

you start coating—and keeps 

on paying off with every mile 

you cover. Pitt Chem Hot Applied 

Enamels not only require less 

heating time, but they also flow 

better from kettle to pipe. Their 

uniform application characteristics 

and excellent bond helps you to 

cover more miles per day by minimizing 

coating delays. And, for the same 

reason, you'll coat more pipe 

per ton of enamel. 

These outstanding qualities of Pitt 

Chem Tar Base Enamels stem directly from 

our unique position as a basic and 

integrated producer of pipeline enamels .. . 

a position that enables us to carefully 

control each phase of production from coal 

to finished coating. And remember this: Pitt Chem 
Pipeline Enamels are manufactured in a plant 
devoted exclusively to hot applied tar base coatings. 
We'll gladly provide more product information, technical 
data or field application assistance on request 





* Standard Grade Tar Base Enamel 
* Modified Grade Tar Base Enamel 
* Plasticized Grade Tar Base Enamel 
* Cold Applied Tar Base Coatings 

.& Synthetic Base Coatings 
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FIG. 4. Typical multi-channel microwave system. 
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and more economical pipe line and field 
operations where previously no fast, di- 
rect contact had been possible. 

Fig. 3 shows a 2-way radio system 
between field and pump station units. 

The newest communication tool is 
microwave radio. Several pipe line mi- 
crowave communication systems are in 
operation now, and more are being in- 
stalled. As its advantages become more 
widely known and recognized, other 
companies will be eager to utilize this 
latest development—some of which are 
even now in the process of laying out 
their system requirements and prepar- 
ing to obtain construction permits from 
Federal Communications Commission. 

Among the advantages of microwave 
are dependable continuity of service, 
secrecy of the communications being 
transmitted, and economies realized as 
compared to either privately owned or 
leased wire lines. 

In comparison the initial installation 
of a microwave system will cost an aver- 
age of $600 per mile, which is approxi- 
mately the same as the cost of stringing 
one pair of wires on an existing tele- 
phone pole line. For the average long- 
line system one pair of wires will ac- 
commodate 8 telegraph (or teletype) 
and 4-voice channels, without excessive 
cost and circuit modifications; whereas 
a microwave system will provide expan- 
sion to 24-voice channels, any one of 
which can be used for as many as 16 
telegraph or teletype circuits. The cost 
of each added channel to the microwave 
system, up to the maximum of 24, is 20 
per cent or less of the cost for each wire- 
line channel added, up to the maximum 
of 4-voice channels that a pair of wires 
can accommodate. Above the capacity 
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of one pair of wires, additional channels 
are available only by stringing another 
pair, which requires another large capi- 
tal investment. Operating costs also are 
in favor of microwave when multiple- 
channel communication is required. 
Whereas long experience shows the 
average 4-channel wire-line operating 
costs to be about $155 per mile per year, 
multi-channel microwave is costing in 
the neighborhood of $130 per mile per 
year. Experience is expected to reduce 
microwave operating costs to an even 
smaller figure. 

A sketch of a typical multi-channel 
microwave system is given in Fig. 4. 


FIG. 5. Microwave. 


The multiplicity of circuits available 
in a microwave system permits use of 
many supervisory cohtrols in addition 
to normal voice service—plus teletype, 
and even facsimile. Pump motors may 
be started or stopped; pressures, speed, 
power demand, and gravity readings 
may be transmitted and recorded; indi- 
cating lights on dispatching boards at 
headquarters can be wired to show 
automatically whether units are idle or 
operating; and many other functions in- 
volving the opening or closing of an 
electrical circuit can be performed by 
remote control. 

Fig. 5 shows a typical microwave sys- 
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With 30 digging feeds 


from 6.2 inches to 18.5 feet per minute, and 6 speeds 
on digging wheel up to 11.2 r.p.m., Parsons 215 pipe- 
line Trenchliner easily maintains “mile-a-day” produc- 
tion on cross-country oil, gas, gasoline transmission lines, 
feeder and gathering lines. At any width from 13 to 31 
inches, depths to 6 feet, and in all soil conditions, 
the 215’s multiple speeds assure maximum trench pro- 
duction. Square or round-bottom buckets have self- 
sharpening “Tap-In” teeth for full digging efficiency 
at all times. 


Standard-make 55 h.p. diesel engine, and stand- 
ard tractor-type crawlers with 18-in. treads and lug-type 
shoes, are quickly serviced anywhere in the oil field 
. » « that means more work-time with this 215 pipeline 
Trenchliner in your spread. Check its many features 
developed especially for cross-country trenching . . . get 
all details from Parsons distributor, or write us. 

Other Parsons Trenchliners: wheel-type 202 for drainage 


and utility work . . . 3 ladder-type sizes, full crawler- 
mounted . . . and rubber-tired utility-size Trenchmobile. 


THE PETROLEUM ENGINEER, Reference Annual, 1952 


DIGS 18% FT. PER MIN. 


RUBBER-TIRED 88 TRENCHMOBILE® 


digs gathering lines or main lines 8 or 12 in. 
wide ... 12.6 m.p.h. mobility makes it ideal for 
trouble-shooting service in the field. Telescopic 
ladder boom digs 5 ft. deep. Digging feeds range 
to 20 feet per minute. Backfill biade is optional. 


ee ee 
Send to PARSONS Company, Newton, lowa Re. 
for literature on: [J 215 Trenchliner (1) 88 Trenchmobile a 
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THE MAXIM SILENCER COMPANY 


Dept. W.L., 105 Homestead Ave., Hartford 1, Conn. 


Gentlemen: Please send me your bulletin on 
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tem with its relay points and termin.|s 








adjacent to the pipe line route acroxs 
country. 

Because of the inherent line-of-sig\it 
transmission limitations of ultra - hich 
frequencies, microwave systems must 
utilize repeater stations, which ori|i- 
narily are completely unattended. Thes¢ 
repeater locations are determined by 
the topography of the route traversed. 
The towers supporting the radio antenna 
must be so spaced that the radio signal, 
focused toward the next tower, will clear 
all intervening obstructions by at least 
50 ft. With the use of 150-ft to 250-ft 
towers, over average terrain, repeater 
points are spaced approximately 30 to 
35 miles apart. 

The microwave radio transmitting and 
receiving equipment generally is placed 
at the base of the tower, with a parabolic 
antenna or passive reflector at the tower 
top to direct the radio “beam” to the 
next microwave station or repeater. At 
a repeater, or relay station, the micro- 
wave signal is received, amplified, and 
again beamed toward the next tower. 

Power requirements for a microwave 
system are very low; in fact, about half 
of the total power consumed goes into 
the beacon and obstruction lights on the 
towers. The source of power, however, 
must be highly dependable. At locations 
where the continuity of commercial elec- 
tric power is questionable, it has been 
the practice to install an auxiliary 
power supply, such as a gasoline, nat- 
ural gas, or propane engine driven gen- 
erator, which automatically takes over 
the load during power interruptions. 

Pipeliners have pioneered in this most 
recent development of microwave radio 
communication. It would be difficult to 
guess what the next big development 
might be; but, when newer and better 
means of communication becomes us- 
able, you may be sure that the pipe line 
industry will find ways to make use of 
them to improve further the efficiency 
of pipe line operations. ket 





Gas Comes Into Its Own 


The first natural gas well com- 
pleted in this country was drilled at 
Fredonia, New York, in 1821. This 
was three years before the first rail- 
road line was built in the United 
States. The first gas well was only 
27 ft deep. Thirty-seven years later, 
in 1858, the first deep natural gas 
well was drilled in Erie, Pennsyl- 
vania. Today, natural gas wells 
cover an area of 20,000 square 
miles in 22 different states. 

Natural gas pipe lines, including 
gathering, transmission, and distri- 
bution lines in the United States to- 
day total more than 314,500 miles. 
This mileage is increasing at a rate 
of almost 15,000 miles per year. 
Manufactured and mixed gas trans- 
mission and distribution systems 
bring this mileage up to about 382,- 
000 miles, greater than either the 
main-line railroad or the oil pipe- 
line mileage in the United States. 
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PIPE’ 


Manufacture of large diameter pipe, 
properties, and stresses in service 


KARL L. FETTERS* 


In the time that you have so kindly al- 
lowed this morning I propose to tell you 
something of the manufacture of the 
larger sizes of line pipe, something of 
the properties of line pipe, and finally 
to tell you some of the things we are 
finding out about the stresses that pre- 
vail in pipe lines in service. 

As a basis for discussion I shall refer 
to API Standard 5 LX “Specification for 
High Test Line Pipe.” This standard 
covers line pipe in sizes from 65% in. OD 
to 36 in. OD, and wall thicknesses from 
0.188 in. to 0.500 in. The standard fur- 
ther states that the processes for manu- 
facture shall be the seamless process or 
a mill-welding process where cold-pre- 
formed plate or skelp is longitudinally 
butt welded by electric-flash welding, 
continuous electric-resistance welding, 
or submerged-arc welding. A brief de- 
scription of each of these processes fol- 
lows. 


Manufacturing Processes 


Seamless. Of the processes that will 
be discussed the seamless process is the 
oldest. Prior to about 60 years ago seam- 
less tubes were made by piercing a 
round hole along the central axis of a 
round bar or billet, which was then 
rolled and drawn over mandrels to form 
a tube. Since sometime in the 1890's 
most of the seamless tubes have been 
made by the rotary piercing process. 
Basically this process consists of rolling 
a round bar or billet on conventional 
rolling mills, cleaning up the surface 
of the round by accepted conditioning 
practices, and then heating preparatory 
to the piercing process. The heated 
round is forced to enter the space be- 
tween two barrel-shaped rolls. The two 
rolls are set on axes that are inclined to 
one another and revolve in the same di- 
rection. After the round has entered the 
“pass” of the piercer it is pulled through 
the mill by the inclined rolls, which at 
the same time by their rotary action 
and pressure cause a cavity to be opened 
in the center of the round. The advanc- 
ing round is pierced and the wall thick- 
ness roughly controlled as the tube 
passes over the point. As the rough 
pierced tube leaves the piercer it is 
heavy walled and usually either larger 
or smaller than the intended finish size. 


— 


+Presented before the Pipe Line Contractors 
Association, Houston, Texas, January 9, 1952. 
*Assistant to vice president in charge of 
operations The Youngstown Sheet and Tube 
mpany, Youngstown, Ohio. 


It would take too long to describe in 
detail the subsequent rolling operations 
by which the tube reaches its final shape 
and size. These rolling passes elongate 
the pierced shell, reduce its wall thick- 
ness, and control its outside diameter. In 
most of the rolling operations the inside 
is supported by a ball, point, or 
mandrel. 

Seamless line-pipe is made in the 
sizes from 65% in. OD to and including 
26 in. OD. As to grade, most any steel 
composition can be made into line pipe 
by the seamless process and about the 
only limit of properties are those im- 
posed by field welding and field service. 
Seamless line pipe is commonly sup- 
plied in Grade B, X-42, and to a lesser 
extent as X-46 and X-52. 


Mill Welding Processes 


These processes have in common the 
fact that a plate or skelp is hot rolled on 
conventional plate or strip mills. After 
the required shearing of the edges and 
the ends the flat skelp or plate is cold- 
formed into a cylindrical shape. In the 
submerged arc and the electric-flash 
welding processes the forming and the 
welding are usually done on completely 
separated units, whereas in the electric- 
resistance welding process the forming 
mill and the welding mill are usually an 
integral unit. For the submerged arc 
process either bending rolls or press 
forming are commonly used. I believe 
most of the pipe made by the electric- 
flash weld process is press formed. A 
forming mill is usually used with the 
electric-resistance weld process. Here 
the flat plate is gradually shaped into 
pipe in a series of continuous roll passes 
and as the almost-closed cylinder 
emerges from the last forming pass it 
enters the welder. 

The same general types of steel may 
be used in any of these processes. In all 
cases they must be of a “weldable” 
grade, which limits their chemistr'y and 
properties somewhat as compared to the 
seamless process. Although there are 
limitations of outside diameter size and 
wall among the individual mills making 
pipe by these welding processes, pipe as 
large as 36 in. OD could be made by any 
of the processes and pipe as small as 
65% in. OD can be made by any except 
the submerged arc. Here the practical 
limit of minimum OD is said to be about 
1234 in. since the ID must permit pas- 
sage of the welding head to apply the 
inside bead. 
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Electric-Flash Welding. In this pro- 
cess the formed cylinder is held in a die 
during welding. The electrodes make 
contact on either side of the open seam, 
the edges of which just touch. In this 
process the entire length of the pipe is 
welded at one time. A low voltage, high 
current (up to 1,000,000 amp) is ap- 
plied, which brings the edges of the 
plate to a welding temperature. At the 
proper time and temperature, the volt- 
age is reduced and force is applied by 
the die to weld the edges and to “ex- 
trude” the bead. Following the welding 
the current is cut off and the pipe is 
held in the die until the weld cools. In 
subsequent operations the excess “bead” 
is removed by cutters and the pipe is 
finished by methods that are common to 
all welding processes and which will be 
described later. 

Electric-flash welded pipe is available 
from 85% in. to 34 in. OD in 0.250 to 
0.500 in. wall thickness. 

Electric-Resistance Welding. As men- 
tioned, the forming and the welding are 
usually done in the same mill in this 
process. From the forming mill the 
tube enters the welder, and the low 
voltage (about 5 volts), high amperage 
current (about 300,000 amp) enters the 
pipe on either side of the seam through 
a pair of insulated copper electrode 
rolls. Welding pressure is applied by the 
side rolls and frequently by an inside 
mandrel ball, which is on the inside of 
the pipe immediately beneath the elec- 
trode rolls. It is common practice in the 
manufacture of resistance welded pipe 
to trim both the inside and the outside 
beads as the pipe emerges from the 
welder. Several sets of “pull out” stands 
of rolls usually serve to pull out and 
guide the pipe from the mill. Further 
finishing operations are similar to those 
used in the other welding processes. 

Electric resistance weld pipe is avail- 
able from 65% in. to 22 in. OD and from 
0.188 in. to about 0.400 in. wall thick- 
ness. The ranges of any particular mill 
will generally not cover the entire range 
of sizes. 

Submerged Arc Weld. This process, 
often called the fusion weld process, is 
quite familiar from its universal use in 
the shops and field for all kinds of struc- 
tural welding. Basically it consists of an 
automatic welding head that moves 
along the seam at a constant speed. 
Quite obviously either the pipe or the 
welding head may be moved. The weld- 
ing head carries a large coil of bare 
wire, one end of which functions as one 
electrode while the plate serves as the 
other electrode. The wire is automatic- 
ally fed at a rate determined by the 
current, voltage, and weld character- 
istics desired and the welding head 
speed is controlled to make a satisfac- 
tory weld. In the submerged arc process 
a flux in powder form is fed in a con- 
tinuous stream around the electrode wire 
and forms a shield against oxidation of 
the weld metal. The slag formed also 
serves to prevent rapid chilling of the 
weld area. 

In this process the bead is generally 
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not trimmed but otherwise the finishing 
operations are similar to those of the 
other welding processes. 

Fusion weld pipe is available from 
0.188 to 0.500 in. walls and from 36 in. 
OD down to the practical limit for weld- 
ing an inside bead, which presently is 
about 20 in. OD. 


Properties of Line Pipe 

Chemistry Specifications. The chemi- 
cal composition of line pipe steels can- 
not be discussed without consideration of 
the mechanical or physical property re- 
quirements. The strength of these steels 
is dependent primarily upon their chem- 
istry. As all standard line pipe steels are 
plain carbon steels it will be sufficient 
to consider only the elements carbon, 
manganese, and phosphorus. Although 
the strengthening effect of phosphorus 
is sometimes used, a consideration of 
only the carbon and manganese will be 
sufficient for our discussion. Carbon is 
a very potent strengthener and is used to 
increase the strength as much as pos- 
sible. The practical limit of carbon is 
dependent upon the field requirements 
for weldability and the specification re- 
quirements for ductility. Manganese is 
not as potent a strengthening agent as 
carbon, but its presence adds to the 
workability of the steel in forming and 
rolling, and, in general, increasing the 
strength of a steel with manganese 
means less sacrifice in ductility than 
when the same gain in strength is ac- 
complished with carbon. As in the case 
of carbon, a compromise must be 
reached between the strengthening ef- 
fect of manganese and its adverse effect 
on weldability. Limits of chemical com- 
position for line pipe are given in the 
March, 1951, issue of API Standard 
5LX only for the X42 grade. These 
limits for carbon and manganese limit 
the two elements respectively to 0.33 
maximum per cent and 1.28 maximum 
per cent based on check analysis. Chem- 
ical limits for the higher strength grades 
are not given and the specification says 
that they are subject to agreement be- 
tween purchaser and manufacturer. 

As we have already mentioned, steel 
is strengthened chiefly by the carbon 
and the manganese, and, since the 
higher strengths than X42 may be at- 
tained by different processes, as will be 
discussed later, it is not practicable at 
this time to limit the chemical composi- 
tion of the higher strength grades. 

Mechanical Properties. The usual 
mechanical or physical property re- 
quirements of line pipe are covered in 
detail in API 5LX. The standard tensile 
samples are expected to show a mini- 
mum yield strength of 42,000 psi, a 
minimum tensile strength of 60,000 psi, 
and a per cent elongation in 2 in. of 
22.50 per cent minimum for a typical 
wall thickness (0.250 in. wall). It is 
also required that the pipe be subject to 
hydrostatic test where the pipe is 
stressed circumferentially to a fiber 
stress equivalent to 85 per cent of the 
specified minimum yield strength. 

As in the case of chemistry, the mini- 


D-30 





N 
~< 


ae 











PER CENT MANGANESE 





~PS 
ne 
"a 








PER CENT CAR 
.24 -28 


FIG. 1. 














mum tensile test requirements for grades 
higher than X42 are subject to agree- 
ment. X46 and X52 are, however, com- 
monly supplied to minimum yield 
strengths of 46,000 psi and 52,000 psi, 
respectively. 

Weldability. The relativity of the term 
“weldability” is well known. For any 
given welding practice there will be a 
range of steel compositions that can be 
welded satisfactorily. When necessary 
to weld higher chemistry steels, modifi- 
cations have been made in welding prac- 
tices and a higher range of chemistries 
has been acceptable. In fact virtually 
any steel may be considered weldable if 
the proper welding practices are em- 
ployed. Admittedly some of these special 
practices are not suitable for field weld- 
ing of pipe lines. As mentioned, API 
5LX specified contain maximum chem- 
ical requirements for the X-42 grade. 

The yield strength requirements of 
high strength line pipe (X-46 and X-52) 
made by the expansion process can 
generally be met without exceeding the 
permissible X-42 limits. Expansion does 
not, however, increase the ultimate ten- 
sile strength as much as it does the yield 
strength. If high values of ultimate 
strength are required they must be ob- 
tained from higher chemistries with 
some sacrifice in weldability. We have 
not observed too much field interest in 
ultimate strength requirements, no 
doubt due to the fact that most design 
factors are based primarily on yield 
strength. 

So far as we have been able to deter- 
mine, high strength line pipe that meets 
the API chemistry for X-42 can be 
welded satisfactorily with prevailing 
field welding practices. Where higher 
chemistries are required it may be 
necessary to modify the welding prac- 
tices. General rules of thumb for weld- 
able pipe chemistry are: 

C plus Mn must be less than 1.50 per 


cent. : 
Cc + ae must be less than 
0.55 per cent. 
Metallurgy of Welding 


Aside from purely. mechanical de- 


fects in welding, such as slag entr .p- 
ment, weld porosity, etc., the princi al 
metallurgical features of welding : at 
may cause trouble are as follows: 


1. The weld bead is deposited i: g 
molten state. Solidification of this m:--tal 
occurs quite rapidly with dissipatio:. of 
the heat to the body of the pipe. 

2. The pipe wall adjacent to the weld 
will be heated to a temperature far 
above the transformation or heat tyeat- 
ing temperature of the steel. 

3. The rate of cooling of the weld 
metal and the “heat affected area” of the 
pipe will depend on the heat capacity of 
the pipe, which in turn is related to ihe 
temperature and wall thickness of the 
pipe. High heat capacity means a rapid 
cooling or quench and goes along with 
low temperatures, no preheat, heavy 
walls, and high speed welding. 

4. Two troubles may be encountered, 
either separately or together. The rapid 
cooling may produce cracks due to 
thermal shock and the rapid cooling 
may promote hardening of the pipe in 
the heat affected zone. In the event 
small cracks are produced by thermal 
shock and the pipe is hardened the 
hardened structure is likely to be notch 


_ sensitive and conditions are ideal for a 


service failure. Post heating tends to 
temper the pipe structure and make it 
less notch sensitive and thus to minimize 
the effect of any thermal cracks that 
may occur. 

5. As mentioned, high strength line 
pipe requires high chemistry, princi- 
pally carbon and manganese. The sus- 
ceptibility of the steel to cracking and 
hardening is also increased by the 
higher chemistry. The effect of chem- 
istry on hardening is rather well known 
and may be calculated from the pres- 
ently available hardenability data. The 
effect of chemistry on susceptibility to 
thermal shock is not so well known 
quantitatively, but qualitatively higher 
chemistries tend to be more sensitive to 
thermal] shock.. 

6. ‘The subject of cooling rates would 
require far more time than we have here 
for a full discussion. Let it be assumed 
that the cooling rates in normal field 
welding are predictable within a rea- 
sonable range and see what the composi- 
tion of the pipe has to do with the 
situation. 

As a guide to weldability the Gross- 
man? method of calculating harden- 
ability from chemical composition may 
be useful. Fig. 1 shows a possible use of 
this method. Three lines are drawn on 
this diagram where the ordinate is per 
cent manganese and the abscissa is per 
cent carbon. These lines are drawn ap- 
proximately through points of equiva- 
lent hardenability. The possible use of 
such a chart would be as follows: 

Having established a satisfactory field 
welding practice for a given chemistry 
steel, for instance 0.30 carbon, 1.20 
manganese, then any other composition 
of manganese and carbon along the line 


IM. A. Grossman, “Hardenability calculated 
from Chemical Composition,” AIME Trarsac- 
tions, Vol. 150, 1942, pp 227-259. 
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Enterprise 
4-cycle marine 
and stationary diesels 
and generator sets are 
built in 3, 4,6 and 8 cylinder 
models, normally aspirated 
and turbocharged, for 
heavy-duty contin- 
uous service. 














ENTERPRISE ENGINE RATINGS | 


Stationary and Marine | Gen. Set 
HP* RPM | KW* RPM 


M3 68-130 | 450-800 78 @720 
90-173 | 450-800 | 104 @720 
135-260 | 450-800 | 158 @720 


275-400 | 600-800 | 265 @720 


M4 
M6 
“M36 
G6 273-655 | 250-600 | 485 @600 
G36] 434-1041 | 250-600 | 729 @600 
G8 364-874 | 250-600 | 614 @600 
G38 
Q6 
Q36 
as 
a38s 


578-1388 | 250-600 | 975 @600 


647-971 | 250-375 | 655 @ 360 
1028-1542 | 250-375 | 1046 @ 360 
863-1295 | 250-375 | 873 @ 360 


1371-2056 | 250-375 | 1402 @ 360 





= 
. f h a a See eS * Sea Level Rating, maximum. ; 
TNFOUQGNOUTNY 7 t+ Analysis of available natutal or sewage gas should be 
a Sn ~ ; submitted. 
‘ ; t Analysis of available heavy fuel should be submitted to 
Enterprise research engineers. 





ENT ERP RISE 
When you buy Enterprise, you can count on prompt, expert 


service, Parts from factory stocks in San Francisco shipped 
On s“ort notice by air or ship to meet customers’ needs. 


ENTERPRISE ENGINE & MACHINERY CO. 


A Subsidiary of General Metals Corporation @ 
Export Dept.: 18th & Florida Sts., San Francisco 10, Calif., U.S.A. s 
Cable Address: ENTERFOUND 
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passing through this point would prob- 
ably weld equally well provided the 
same field welding conditions were 
maintained on the same size and wall 
pipe. Any composition below this line 
would be less likely to cause trouble, 


whereas any composition above the line 
might require changes in welding prac- 


tice. The various areas of the diagram 
might be labeled as follows for field 
practices satisfactory to weld the 0.30 
carbon, 1.20 mn. grade: 

A. No particular problems. 

B. Requires reasonable attention to 
field practices as established. 

C. Requires considerable care and 
may require preheating or other pre- 
cautions. 





D. Probably will require a change 
in welding practice. 

It should be emphasized that this dia- 
gram is not meant to be applied except 
for one given set of field conditions, but 
it may be possible for field engineers to 
adapt this type of diagram for guidance 
under their particular welding con- 
ditions. 

Cold Work—Expanded Pipe. It is a 
common experience that the strength of 
steel may be increased by cold work. 
Familiar examples are the cold rolling 
of steel sheet and the cold drawing of 
wire and bars. Similarly the strength of 
line pipe may be increased by cold work. 
The process for so doing seems some- 
what more complicated because of the 








ROSKOTE cold-applied anti-corrosion mastic 
saves time...saves money...SAVES PIPE! 
















Roskote’s drying speed, its 
handling ease and its high 
electrical resistivity makes it 
the ideal mastic for pipeline 
protection, winter or summer. 
Whether you are protecting 
distribution and service lines, 
or large transmission lines 
in yard or field, it will 
pay you to investigate... 
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ee 


cuts field costs because it is applied 

COLD — either brush, spray or 
_ special line-traveling machine — 

without primer or field mixing. It 

eliminates labor, equipment and 
hazards of hot-applied materials. It is 
fast-setting to a tough, flexible film of 
high electrical resistivity (20 megohms 
per sq. ft.) without brittleness or sag 
through a temperature range of — 40° 
to 375°F. It dries to the touch in 20 
minutes and is ready for backfill in 
an hour. 


Roskote’s resin base resists acids, al- 
kalies, salts and moisture. It bonds 
readily to previous coatings of coal tar 
or asphalt. Wire brushing is the only 
preparation needed for old pipe. 

Roskote’s drying speed and handling 
ease cuts man-hours from work sched- 
ules and speeds pipe-line progress. That 


saves real money! Yet Roskote costs only 3¢ per square foot of coverage. 


Used by over 70 utilities and pipeline companies for coating at ‘‘hot spots,”’ 
road crossings, for valves, joints, meters, drips; for patching and for water- 


proofing concrete regulator pits. 
& 


Write for bulletin containing 
complete technical specifica- 
tions, chemical and electrical 
properties and application in- 
formation. Ask for the Ros- 
kote special trial order offer. 
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geometry of the pipe, but the net effect 
is the same. If a piece of line pipe were 
to be subjected to a pressure above «he 
yield strength pressure the pipe will ex- 
pand permanently and the yield strength 
of the expanded pipe will be equivalent 
to the maximum pressure to which ihe 
pipe was subjected. Practically, it is 
not possible to obtain much expansion 
and increase in strength unless the pipe 
is held in a closed cylinder or die in 
order that the expansion may be uni- 
form and under control. Usually about 
114 per cent expansion is considered a 
practical amount. It is thus possible to 
make X46 and X52 grades by expanding 
pipe of a chemical composition not 
much greater than the API limits for 
X42, the additional strength being 
gained from the cold work effect. 

At the present time cold expansion js 
used principally for the higher strength 
grades of welded pipe. It should he re- 
marked at this point, that besides in- 
creasing the strength, hydrostatic ex- 
pansion provides an excellent proof test 
of the weld. It is common practice to 
subject the pipe also to the usual API 
hydrostatic test after the expansion. 

Service stresses could cover almost 
anything, and if the discussion were to 
be made complete would require much 
more time than we have here. Only two 
subjects will be mentioned. First, a few 
remarks about metal fatigue, and then, 
in conclusion, a few indications ob- 
tained from studies that we are making 
of the effects of soil. stresses on pipe 
lines in service. 


Metal Fatigue. Failure of metal parts 
in service by fatigue is a common ex- 
perience. Unfortunately a clear picture 
of the mechanism of failure of metals in 
fatigue cannot be painted without get- 
ting somewhat involved technically. The 
usual explanation of fatigue is that the 
metal has “crystallized” because a 
coarse granular or crystalline structure 
is usually evident in the fractured sam- 
ple. Metals do not “crystallize” in serv- 
ice, they are already crystalline before 
they are put in service and most of their 
useful properties are due to their being 
crystalline in nature. Metals can fail in 
service when they are subjected to re- 
peated stress even though the maximum 
value of the stress is below their yield 
strength. 

Such failures are known as fatigue 
failures. The fatigue strength of steel 
frequently is evaluated in the laboratory 
by means of the endurance test. The en- 
durance limit or fatigue strength is de- 
fined as the greatest stress that can be 
applied to a steel an infinitely large 
number of times without causing failure. 
In laboratory testing it is generally con- 
sidered that 10,000,000 applications of 
stress are sufficient to establish the 
fatigue strength. Fatigue strength does 
not vary from heat to heat or lot to lot 
of steel of anywhere near the same com- 
position. It is related to the tensile 
strength and as a general rule in steels 
of the type used for line pipe will be 
equal to about one-half the tensile 
strength. 
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There is probably very little differ- 
ence between the: fatigue strength of 
pipe made by the different manufactur- 
ing processes. If this were all there was 
to the problem of fatigue, design could 
be handled by adequate factors of 
safety, but unfortunately the fatigue re- 
sistance of any piece of steel is markedly 
aflected by surface scratches, sharp 
corners, and notches. Any change in the 
surface or shape of a steel part that re- 
sults in a concentration of stresses ser- 
iously reduces its fatigue strength. 

It is difficult to imagine that fatigue 
is much of a factor to consider in the 
majority of conditions of service of pipe 
lines. Where a pipe line is subject to 
repeated vibrational stresses, however, 
such as in or near a pumping station, or 
due to movement of pipe in a river cross- 
ing, it is probable that fatigue may be 
encountered. After making every pos- 
sible effort to reduce or eliminate the 
vibration, it is also in order to allow 
extra factors of safety. In certain cases 
this still may not be enough and every 
possible scratch or gouge should be re- 
moved from the surface to minimize 
their effect in concentrating the stresses. 
If connections are made to a line in an 
area subject to vibration they should he 
welded with large radius filets. 

Users have found that fatigue failures 
of drill pipe may be minimized by the 
avoidance of corrosive conditions and by 
the shot-peening of the surface of the 
pipe. Shot-peening is also used on crank- 
shafts and certain other machine parts 
to minimize fatigue failures. Briefly. 
this process leaves the surface of the 
part with residual compressive stresses 
that in turn make fatigue failure less 
likely. Without more information than 
I presently have at hand I could not 

guess that shot-peening of the surface 
of line pipe (including shot-peening of 
the girth welds) would be worthwhile in 
the prevention of fatigue. I am sure, 
however, that efforts to prevent cor- 
rosion of a pipe line subject to vibra- 
tional stresses would be worthwhile in 
minimizing such failures. 

Soil Stresses. For the past year we 
have been sponsoring a research study 
at Battelle Memorial Institute to learn 
something of the effect of soil pressure 
on the service stresses in large diameter 
line pipe. 

This investigation was conducted to 
determine how stresses developed dur- 
ing proof testing of a pine line may ex- 
ceed those developed during the mill 


testing and how these stresses may vary’ 


from day to day and month to month 
after the pipe line is placed in service. 

his investigation is being conducted 
on two lengths of 20-in. OD by 0.250-in. 
wall, grade X-46 electric weld line pipe. 
one of which was buried in sand and the 
other in clay type soil. Both lengths of 
pipe were forced out-of-round prior to 
the test to make it possible to deter- 
mine ihe bending stresses superimposed 
upon the circumferential stresses as an 
out-o! ‘ound pipe is pressured and to 
Produce larger movements of the pipe 
wall »gainst the soil. The stress measure- 


ments on the experimental pipe were 
obtained with SR-4 strain gages situated 
at specific positions on the pipe and 
properly insulated and protected to per- 
mit accurate reading when buried. 
The results of this test program indi- 
cated that soil does not exert an appre- 
ciable “hold down” force on the pipe 
that is uniform about the circumference, 
thus the only significant effect of the soil 
is to introduce bending moments in the 
pipe wall. These tests show that a plas- 
tic change in the shape of pipé, which 
may occur during transit or installation, 
will result in a substantial change in the 
stress system on subsequent pressuring 
in the ground. This explains why field 
failures may be encountered at pres- 





sures lower than mill-test pressures. 

Study of data obtained from those 
tests indicate that the re-enforcing effect 
of the soil is better in sand than in clay. 

On the basis of this test program, it 
has been suggested that possibly pipe 
should be proof tested after installation 
at a pressure in excess of 36 psi above 
the maximum service pressure, and as 
the conditions encountered during this 
study do not necessarily represent the 
most extreme conditions, Battelle recom- 
mends a margin of 150-psi internal pres- 
sure. 

This program is being continued to 
include a portion of the winter period 
and further results may be made avail- 
able at a later date. kkk 





You're assured of lasting protection for 
your pipe lines when you wrap them 
with Ruberoid Imperial Asbestos Pipe 
Line Felt. On any job, it exceeds by a 
wide margin most of the established 
specifications and meets all of them. 


Ruberoid Felt protects the enamel or 
coating from soil distortion and trench 
settlement . . . adheres to it for the best 
defense against corrosion and other un- 
derground physical hazards; including 
jagged rocks. electrolysis and extreme 
moisture conditions. Made of selected 
asbestos fibers to Ruberoid’s high stand- 
ards, Imperial Pipe Line Felt is satu- 
rated with either refined coal tar or 
asphalt to meet all job requirements. 

Ruberoid Pipe Line Felt is available 
in an exclusive waterproof Kraft pack- 
age at a slight additional charge. It keeps 
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out moisture, rain and mud right up to 
the moment you use it. For further infor- 
mation, see your nearest Ruberoid dealer 
or write The Ruberoid Co., 500 Fifth 
Avenue, New York 36, N. Y. 
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PIPE CUTTING d BEVELING MACHINE 


Split horseshoe shaped gear permits machine to slip 
quickly over pipe. Fast operating snap chain fasteners hold it Shap 


j . t 
in place. A complete cut and bevel can be made in a 12 inch per 


pipe in about two minutes. intersec 


You'll soon save several times the cost of the machine in nar 
labor, gas and transportation charges. H&M takes approxi- pipe is out 
mately one-half the labor and gas to make the cut as hand 

cutting and the work is all done in the field. 


Bring this light (24 to 155 pounds) but durable machine 


to the pipe instead of moving the heavy pipe to the machine. 
Remember, H&M designs for SPEED and ECONOMY. 


purself. Let us 
demonstration. 


& PIPE BEVELING MACHINE COMPANY . 


311 E. 3rd St. Tulsa, 
TRADE MARK REG. U. $. PAT. OFF. Phone 3-0241 
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FIG. 1. SIMPLIFIED GAS FLOW DIAGRAM. 
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UNIT NO. 1 
Intake Discharge 
Temperature 54 F 80 F 
Pressure 467 psig 560 psig 
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UNIT NO. 2 
Intake 


560 psig 672 psig 
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UNIT NO. 3 


Discharge Intake Discharge 


105 F Temperature 105 F 130 F 
Pressure 


668 psig 789 psig 








Steam 


Centrifugal Compressors’ 


F. B. HAVERFIELD* 


Durie 1951, ‘Transcontinental Gas 
Pipe Line Corporation installed the first 
steam turbine driven centrifugal com- 
pressors that have ever been used by the 
gas industry. 

Three of these steam stations were 
built on a 30-in. pipe line system, along 
with 16 conventional gas engine driven 
stations. 

Transcontinental’s operating experi- 
ence of the past eight months shows 
that these stations are both practical 
and economical. _ 

The steam centrifugal station con- 
sists of three 5000-hp compressor units 
making a total station installed horse- 
power of 15,000. The make of equipment 
varies from station to station; however. 
the general plant layouts and functions 
are identical. Each station supplies its 
own auxiliary power, water, and main- 
tenance facilities. 

The multi-stage impulse turbines, op- 
erating at a maximum speed of 5500 
rpm. are directly connected to the cen- 
trifugal compressors. This complete unit 
is mounted on a surface type condenser, 
which serves as the foundation. 

The centrifugal compressors are sin- 
gle stage and designed for a maximum 
operating pressure of 900 psig. These 
compressors are’ equipped with high 


‘Presented before American Gas Association, 
Netural Gas Department, Los Angeles, Cali- 
fornia, May 12 and 13, 1952. 

“Superintendent of compressor stations, 
Transcontinental Gas Pipe Line Corporation. 
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pressure oil seals to prevent gas leakage. 

The three compressors are piped to 
operate in series, therefore, the entire 
gas flow goes through each unit. The 
flow conditions existing during a recent 
test are shown on Fig. 1. Gas enters the 
first unit at 467 psig and is discharged 
from the third unit at 789 psig. Nor- 
mally the plants operate on an 800 psig 
discharge. Bypass arrangements are 
such that any one of the units may be 
isolated and the remaining combination 
continue in operation. The differentia! 
pressure or compression ratio depends 
on the speed of the unit or units. Auto- 
matic regulator equipment actuated by 
the discharge pressure controls the 
speed of the turbines. Over-speed gov- 
ernors on the turbines are an additional 
safety device to prevent excessive speed 
that may result in damage to equipment. 
This control equipment also prevents 
over-pressuring the pipe line. 

The steam generating equipment con- 
sists of three semi-outdoor integral fur- 
nace boilers, each designed to deliver 
under normal operating conditions, 43,- 
000 Ib per hr steam at 625 psig and 750 
F. Each boiler has forced and induced 
draft fans and has complete automatic 
feedwater and combustion control. In- 
strumentation is very complete, making 
station operation simple and efficient. 

The make-up water to the steam cycle 
is passed through a demineralizer unit 
having a two-stage ion exchange bed. 
This reduces the total dissolved solids 
in the water to 10 parts per million and 
no more than two-tenths parts per mil- 
lion silica. The cooling tower water is 
conditioned to control algae and de- 
lignification. 
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FIG. 2. SIMPLIFIED FLOW DIAGRAM. 
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FIG. 4. CENTRIFUGAL COMPRESSOR—EFFICIENCY VERSUS VOLUME: 
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Two turbo-generators supply auxiliary 
power. Each generator has a rating of 
800 kw, which provides three-phase, 480- 
volt, 60-cycle electric power. All motor 
starters and electrical switching facili- 
ties are in the boiler house. 

Fig. 2 shows a simplified steam flow 
diagram illustrating a typical day’s op- 
eration. Each boiler is generating steam 
at the rate of 43,710 lb per hour at 610 
psig and 725 F. Steam exhausts from 
the turbo-compressor into the conden- 
ser at 28 in. of mercury. The condensate 
is collected and pumped to the deaerator 
heater. A portion of the steam generated 
by the boilers supplies the power for the 
turbo-generator, which exhausts at 18.5 
psig. This exhaust steam is used for 
steam seals and feedwater heating. An 
automatic reducing valve connected to 
the main header makes up any de- 
ficiency; likewise, an excess steam con- 
denser connected to the 20-psig exhaust 
system condenses any excess. 

Fig. 3 records the steam balance and 
shows that of the total steam generated, 


LUBE OIL *.0015/HPHR 


80.53 per cent is used by the main com- 
pressor units, and 13.14 per cent is used 
by the turbo-generators. Other uses are 
feedwater heating, 3.74 per cent; steam 
jets, 1.91 per cent; and miscellaneous 
uses, 0.68 per cent. 

Experience shows that about 1 per 
cent of the boiler steam flow is required 
for make-up to the steam cycle. The 
cooling tower requires 5000 bbl of 
water per day. 

Our performance tests of the steam 
plants have developed the following re- 
sults. The overall boiler efficiency is 83 
per cent. At the same time, the Rankine 
cycle thermal efficiency for the main 
turbo-compressor units is 73.8 per cent. 
The overall plant thermal efficiencies are 
found to be 21.5 per cent. 

It has been found that the turbo-com- 
pressor combination has a great deal of 
flexibility, both by varying the speed of 
= units and by removing units from the 
ine. 

Fig. 4 is a typical curve showing com- 

‘pressor efficiency versus volume. The 


compressor efficiency has been plotied 
against volume for compression ratios 
across three compressors, ranging from 
1.5 to 1.6. One will note that efficiency 
varies only 4 per cent while the volume 
varies 190,000,000 std cu ft. 

Our operating experience has shown 
that the steam stations have performed 
equally as well as the gas engine sta- 
tions. The next thing to be considered 
is the economics of the two types. 

The gas engine stations with which 
we are comparing the steam stations are 
of approximately the same horsepower 
and have from 5 to 7 units. 

A comparison of Transcontinental’s 
construction costs shows that the in- 
vestment required for a centrifugal sta- 
tion is cheaper than a gas engine sta- 
tion by some $45 per installed horse- 
power. The saving in construction was 
due largely to the elimination of the 
massive foundations and to simplified 
piping, as well as to smaller buildings 
and general plant. 

In addition to construction costs, our 
operating costs for the steam stations 
have been less than for the gas engine 
stations. The following comparisons 
show operating costs on both a horse- 
power hour (Fig. 5) and a thousand 
cubic foot basis (Fig. 6). 

Steam station, Reciprocating station, 
Cents per hp-hr Cents per hp-hr 
ee 0.0584 /! 
Expense —__.. 0.0143 0.0218 
0.0166 


Lube oil — 0.0015 
| eee 0.0872 0.0688 
0.1860 


TE es 0.1614 


Expense 0.00859 
Lube oil 0.00088 
eee 0.05234 


On 0.09684 


0.01340 
0.01019 
0.04230 


0.11431 


As the comparisons show, the steam station is more eco- 
nomical to operate than the reciprocating station. The added 
fuel cost of the steam station is outweighed by the savings in 
labor and lube oil. The labor costs are less because it takes 
fewer men to run the steam plant. Fig. 7 pictures Transco’s 
standard complement of operating personnel. Whereas the 
total at the reciprocating plant is 28 men, the centrifugal 


requires only 21. 


Steam turbines have been used in other industries for 
many years. As their reliability has already been proved, 





Transcontinental reasonably assumes that future operations 


of their steam stations will continue to be very satisfactory. 
x *& 


STEAM STATION 
TOTAL COST =.1614/HPHR 


RECIPROCATING STATION 
TOTAL COST =.1860/HPHR 


FIG. 5. OPERATING COST COMPARISON. 


C nts pcr horsepoew.r hour. SUPERINTENDENT 


LUBE Ol *.00068/mMCF REPAIR FOREMAN 


JUNIOR 


CLERK _ 


REPAIRMAN “A” 


AUXILIARY E 


€ 
«nsons.03808/ MO 





STEAM STATION 
TOTAL COST =.09684/MCF 


RECIPROCATING STATION 
TOTAL COST =.11431/MCF 


FIG. 6. OPERATING COST COMPARISON. 


Cents per 1000 cu ft of gas pumped. 
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TOTAL 28 TOTAL 2! 


FIG. 7. OPERATING PERSONNEL CHART. 
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DUNN BROS., INC. 


DALLAS, TEXAS 


HAVE DONE IT AGAIN 


with LORAIN 


They Traveled a Moto-Crane 


467 Miles in 2I'2 Hours 


@ Dunn Bros. really “‘move”’ on the job when they use one 
of their 6 Lorain-TL Moto-Cranes. For instance, look at 
this timetable on a recent move to string 30” pipe for a 
10% mile loop, for the El Paso Gas Co. 


Left Farmington, New Mexico 9:30 A.M. 

Arrived Vaughn, New Mexico 12:30 Midnight same day 
Left Vaughn the following morning at 8:30 A.M. 
Arrived Carlsbad, New Mexico at 3:00 P.M. 


That’s 467 miles in 21% hours driving time and many of 
those miles were over slippery, snow and ice covered 
mountain roads. 

That’s real mobility—the kind that keeps a job ‘‘on the 
move”. And when a Lorain Moto-Crane gets on the job, it 
handles things quickly, easily, smoothly. No wonder Dunn 
Bros. Superintendent B. F. Carter says, “This Lorain Moto- 
Crane is the best unit we have ever had to handle pipe. It is 
fast and extremely portable.” 

_ There are Lorain Rubber-Tire Cranes up to 45-tons lift- 
ing capacity and crawler types of machines up to the 2-yard 
class as shovels. 

Used as cranes, draglines, clamshells, shovels or hoes, 

they do a real job in the field, on the pipeline and at the 
refinery. 
_ The Dunn Bros. have the answer to low-cost pipe string- 
ing. Lorain distributors across the nation can answer your 
problems, too, whether it be pipe stringing or in some other 
phase of the petroleum industry, and show you how the 
complete Lorain Line—the many turntable capacities and 
a of mountings—can gear your operations to greater 
Pronts, 
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Dunn Bros., Inc. use a Lorain-TL Moto-Crane 
to unload 127 cars of 30 in. diameter, 31 ft. 
long steel gas line sections used for a 10.4 mile 
long loop at Carlsbad, New Mexico, for the 
El Paso Gas Co. pipeline. 












MILES MEAN. NOTHING 
TO A MOTO-CRANE 


Since leaving Dallas on November 20, 1949, (to the 
end of 1951), the Dunn Bros. Lorain-TL Moto-Crane 
and its crew have operated as far west as Kingman, 
Arizona, and have handled a total of 120 miles of 30 
inch line and 220 miles of 24 inch steel gas line, plus 
numerous other jobs connected with pipelining. The 
Moto-Crane always travels under its own power, 
handling many scattered jobs and saving time on every 
move. As many as 50 carloads of pipe have been un- 
loaded in one shift. The Lorain not only unloads rail- 
road cars, but reloads onto trucks for delivery into 
the field. That’s the kind of pipe stringing that has 
made Dunn Bros. one of the leaders in their field. 
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Gas Turbines in Intermediate Stations’ 


El Paso Natural is installing 28 units 


to increase the capacity of its system 


T HE purpose of this paper is to present . 


our thinking with reference to the main 
line gas transmission design and appli- 
cation of the ‘gas turbine to increasing 
the capacity of our system. E] Paso Nat- 
ural Gas Company has purchased 28 
gas turbine-driven centrifugal compres- 
sors to be installed in intermediate 
booster stations between our existing 
main line reciprocating stations. It is 
the writer’s purpose to give the basic 
ideas followed in our application of the 
gas turbine and to present the axioms 
of performance visualized for this gas 
turbine-driven centrifugal booster sta- 
tion. This paper must necessarily in- 
clude only the primary design difficul- 
ties, as at this time we have no actual 
operating experience to prove or dis- 
prove the overall design assumptions 
that we have made. There are, however, 
several rather basic characteristics in- 
herent in the design of these stations 
and in the application of the centrifugal 
booster stations, which we have encoun- 
tered and that should be of interest to 
the industry. 

For a better understanding of our 
thinking on the gas turbine application, 
the general design characteristics preva- 
lent on our pipe line should be sum- 
marized. 

El Paso Natural’s lines consist of two 
systems. The southern system extends 
from the Permian Basin westward 
through West Texas, southern New 
Mexico, and southern Arizona. The 
northern system originates in the San 
Juan Basin in northwestern New Mexico 
and southwestern Colorado and extends 
in a southwest direction across Arizona, 
connecting with the company’s southern 
lines at a point near Topock, Arizona. 
The southern line is equipped with six 
reciprocating main line compressor sta- 
tions, operating on a parallel system 
consisting of 26 and 30-in. pipe lines ap- 
proximately 737 miles in length. These 
main line stations have been operating at 
compression ratios of approximately 1.5 
with an average of 20,000 hp installed 
in each main line compressor station. 
It was this system we proposed to in- 

{Presented before Natural Gasoline Associa- 
tion of America, Houston, Texas, April 30, 
May 1 and 2, 1952, under the full title “Utiliza- 
tion of Gas Turbines in Intermediate Com- 
pressor Stations in the El Paso Natural Gas 
Company Pipe Line System.” 


*Chief engineer, El Paso Natural Gas Com- 
pany. 
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crease in capacity a total of 300,000,000 
cu ft a day. 

We had to design for this increased 
volume in two phases. First, expansion 
requires an increase in sales capacity of 
100,000,000 cu ft a day to the system, 
to be dropped off in West Texas, New 
Mexico, and a large portion in Arizona. 
In this case, a total of 900,000,000 cu ft 
a day was passed through the Guada- 
lupe compressor station, as compared to 
the 780,000,000 cu ft a day under the 
present design conditions. The second 
phase of this expansion will require an 
additional increase of 200,000,000 cu ft 
a day to sales, for delivery to California, 
wherein 1,120,000,000 cu ft a day will 
be discharged through the Guadalupe 
compressor station. 

When increasing the capacity of any 
existing gas pipe line system, generally 
three methods’ are considered: (1) 
Looping an existing system; (2) in- 
creasing the horsepower in existing com- 
pressor stations, or (3) the construction 
of intermediate compressor stations. The 
pipe line route was, of course, well 
known to us. The possibility of having 
to install large quantities of steel in the 
ground and the high installation cost of 
looping presented quite an outlay of 


capital for the increased volume. Also. 
in view of the national emergency and 
the position of the steel supply in our 
national economy, it was necessary that 
foremost in our thinking we should con- 
sider the maximum utilization of the 
present equipment on our line, and also 
the operation of the present pipe line 
steel capacity already in the ground at 
maximum efficiency. Thus, from these 
facts alone, the main motives present 
themselves for a thorough investigation 
of increasing the capacity of our pipe 
line through the rearrangement of sta- 
tion spacings and the installation of 
more horsepower. The fact that we have 
existing main line compressor stations 
spaced at approximately 100-mile inter- 
vals caused considerable reflection on 
the possibility of reducing the station 
spacing and operating these compressor 
stations on approximately 1.3 to 1.45 
compression ratios. 

As you will note in Fig. 1, which 
shows the plotting of pipe line steel in 
tons per mile versus volume, there is 
shown a considerable increase in steel 
required when increasing the volume 
from approximately 800,000,000 cu ft 
a day to 1,100,000,000 cu ft. This plot- 
ting, likewise, shows as a straight line 


MARY Of PIPE LINE STEEL REQUIREMENT 
FOR TWO METHODS OF INCREASING 


PIPE LINE STEEL TONS /MILE 


800 900 
VOLUME - M*CFD @ 


SYSTEM CAPACITY 


1000 
14.9 psi € GO°F 


FIG. 1 


THE PETROLEUM ENGINEER, Reference Annual, 1952 





proctor oc 


Nordberg “Packaged” 4-cycle Diese! Power 
Units—from 10 to 45 H.P., 6 to 30 K.W.., for 
generating electricity, pumping, and straight 
power applications. 


ii H ‘ 
a | 


the Nordberg SUPAIRTHERMAL En- 
gine, the latest development in the 
Diesel field, is available in a com- 
plete range of 4-cycle types for all 
mplications, in sizes from 535 H.P. 
pward, including Diesel, Duafvel, or 
spark fired gas operation. 


Fe 


DIESEL - DUAFUEL 
and GAS engines for every) 
| PETROLEUM INDUSTRY 
power requirement 


Nordberg 2-cycle Radial 
engines develop 2125 
H.P. or 1500 K.W. at 400 
R.P.M. Available as an oil 


ral gas engine, and as a 
Duafuel engine. 


10,000 H.P. 


1 

| 

| 

| 

| 

| “3 

burning Diesel, as a natu- Be —from 10 to over 

| F 
| 

| 
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een eee ememany NORDBERG Diesel, Duafuel and Gas Engines for 
Nordberg 2-cycle Duafuvel engines are built in a wide pompras wh peste ent a are of svardy design, 
range of sizes from 1570 H.P. upward—all of which conservatively rated and built to give years of satis- 
burn oil, gas, or any combination of both—and are factory performance. This is proved by the hundreds 
instantaneously convertible from one fuel to another, in service built by Nordberg and by its Busch-Sulzer 
under full load. Division. Many of these engines serving the petro- 
leum industry, particularly pipe lines, have been in 
operation for periods of 25 to 30 years and still give 
the same dependable performance and low-cost oper- 

ation as when installed. 


Available in a power range from 10 to over 10,000 
horsepower in single units these rugged engines 
cover a wide variety of power generation ranging 
from self-contained portable pumping units to per- 
manent stationary installations. Write for further de- 
tails, outlining your power requirements. 


NORDBERG MFG. CO., Milwaukee, Wis. 
Four-Cycle Diesel Plant: BUSCH-SULZER DIVISION 
St. Louis, Mo. 
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across the curve the effect of interme- 
diate compression represented in tons 
of steel. It should be noted from this 
figure that 25 per cent less additional 
steel is required in the ground for the 
100,000,000 cu ft a day increased sales 
condition, and approximately 50 per 
cent less additional steel for the total 
sales increase of 300,000,000 cu ft. This 
effect alone was sufficient to call for new 
methods or changes of old methods to 
increase the pipe line system, regardless 
of our past ideas. 

Fig. 2 shows a plotting of cost in dol- 
lars per million cubic feet per mile as 
plotted in increased sales capacity for 
various methods of increasing our pipe 
line system. Curve A shows additions to 
existing compressor stations; Curve B 
represents pipe line loops to the existing 
26 and 30-in. pipe line. Curve C shows 
the effect of one intermediate compressor 
station, with Curve D showing the ef- 
fect of two intermediate compressor sta- 
tions. From this figure it can very well 
be seen the effect of the economics of the 
matter in arriving at our decision. Then, 
the problem resolves itself mainly into 
use of intermediate compressor stations, 
and no other method. 

As it has been shown that it was not 
possible at the time to use increased 
steel, it was then necessary to decide on 
the type of compression to be installed 
in these intermediate booster stations. 
From the comparison of the brake horse- 
power per million curves for the centri- 


fugal compressor and the reciprocating 
compressor, it was apparent that the cen- 
trifugal compressor was the type of 
compression to be installed. For exam- 
ple, at a 1.25 compression ratio, we 
would have to install 18,000 reciprocat- 
ing compressor horsepower to do the 
same compression as that obtained in 
one 15,000-hp centrifugal booster sta- 
tion. 

Our next problem was, of course, the 
selection of the prime mover for the 
centrifugal booster stations. The geo- 
graphical location of these plants was 
necessarily in the desert country where 
there is very little water for cooling and 
a high ambient temperature is expe- 
rienced during the day-time. This ruled 
out the possibility of using a steam tur- 
bine driving the centrifugal compres- 
sors. Our next consideration was the 
possibility of using electric power. 
There, again, in our part of the country 
there are very few power lines where 
large amounts of power could be read- 
ily available to our pipe line. Likewise, 
we thought that a variable speed driver 
was required to enable the centrifugal 
compressor to follow more nearly the 
pipe line flow characteristics. Of course 
with all these factors influencing the 
final selection of a prime mover, it be- 
came evident that if there was a possibil- 
ity of using the gas turbine-driven cen- 
trifugal compressor, our problems could 
be solved. 

Serious corsideration was given to the 


reciprocating engine drive for the cent:i- 
fugals, since the engines considered had 
the advantage of a much lower fuel cou- 
sumption, and the performance charac. 
teristics of the centrifugal compressor 
in this case compare with those of the 
gas turbine and steam-driven ceniri- 
fugals. In the economic study of this 
plant arrangement, however, the revip- 
rocating engine could not overcome the 
increased manpower and higher operat- 
ing costs necessary for reciprocating 
equipment. This can be a serious prob- 
lem in any large installation of horse- 
power. In our particular case it would 
mean manning with full crews an addi- 
tional 10 main line compressor stations. 
We anticipate, from our studies of the 
gas turbine, that it will be possible to 
operate with fewer personnel than in 
the reciprocating plant at ratio of ap- 
proximately 1 to 4. From our economic 
comparison it was evident that the gas 
turbine had a low installed cost and the 
lowest operating cost. Through the co- 
operation of General Electric Company, 
specialized maintenance crews are ‘be- 
ing trained. The maintenance of these 
stations is to be handled by two or three 
centrally located maintenance crews 
along our pipe line system. As you can 
well understand, the type of mainte- 
nance to be expected in operating gas 
turbines would be similar to the opera- 
tion of steam turbines in central power 
plants. The central power plants do not 
attempt to have always available main- 
tenance crews capable of handling all 
mechanical problems in maintaining or 
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FIG. 2 repairing steam turbines. 
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FIG. 3. Cross section—5000-hp regenerative cycle gas turbine. 


As mentioned previously, we are faced 
with a serious shortage of water. Recip- 
rocating compressor stations require an 
extensive cooling system, which obvious- 
ly must be accomplished with air cool- 
ing equipment. Heat dissipation favors 
the gas turbine by an approximate ratio 
of 1 to 8; therefore, considerably less 
cooling equipment is required. The gas 
turbine is being equipped with air 
washers, using water spray. These 


cassia et z Sills SSSR eS 


washers have dual purposes—removal of 
large quantities of dust that are present, 
and to cool the air by evaporation for 
summertime operation. The gas turbines 
are rated 5000 hp at sea level and 80 F 
ambient air temperature. As the sum- 
mertime temperature in this area reaches 
a dry bulb of 115 F and a wet bulb of 
60 to 65 F, considerable cooling of the 
air is possible by evaporation. By the 
evaporation of approximately 10 gpm 
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of water in the air washers it is possible 
to obtain rated performance of the tur- 
bine. The horsepower of the turbine is 
proportionate to the inlet air tempera- 
ture; for example, at an air temperature 
of 40 F, the output is 6400 hp, or 25 
per cent increase above its rated capac- 
ity. This inherent characteristic is de- 
sirable in order to meet high load factors 
during winter operations. 

The gas turbines being installed on 
our pipe line are of the “split-shaft” 
type. By this is meant that the shaft that 
drives the axial flow compressor is not 








THE PETROLEUM ENGINEER, Reference Annual, 1952 


MANUFACTURED py: 
NICOLET INDUSTRIES, INC 


F 
ORMERLY GAMA INDUSTRIES INC 


70 Pine Street 


New York 5, N.Y. 


DISTRIBUTED py: 


MIDDLE WEST COATING & SUPPLY 


207-A Daniel Bid 
g. T 
P. O. Box 153 ulsa, Okla. Ph, 2-5215 
Or 2-5216 














NEW 


WALKER 
CENTRIFUGE 
MACHINE 


A more unique, compact, six-volt 
centrifuge machine has been devel- 
oped by W. L. Walker Company for 
use by the field gauger. Measures 
accurately the BS and water content 
of crude oil. The new Walker Centri- 
fuge now features a combined rheo- 
stat and switch with safety pilot 
light. Speeds are adjustable up to 
2450 RPM (required ASTM speed— 
1750 RPM). Six volts and five and 
one-half amps make it easy on the 
car battery. Simple to install in the 
gauger’s car, the centrifuge now oc- 
cupies less space. Being constructed 
of aluminum castings makes it light, 
non-sparking, rugged. The tube head 
is numbered to aid ready identifica- 
tion of samples. A direct drive to the 
tube head eliminates unnecessary 
bearings which before were subject 
to dirt. The elimination of these 
’ bearings reduces maintenance to a 
minimum. The control panel is sim- 
ple to use and easy to see. 


e Walker Tulsa 
Oil Thief 


e Gauging Tapes 
e Strapping Kits 

e Sample Heaters 
e Carrying Cases 


Everything the 
Gauger Needs 
from One 
Dependable 
Source! 


vali 


oti, W. L. WALKER 
@ COMPANY 


Seayict TULSA, OKLAHOMA 
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FIG. 4. 


. Turbine building 

. Control room 

. Unit suction valve 

. Unit discharge valve 
. Bypass check valve 

. Gas compressor outlet 


rigidly connected with the shaft that 
drives the centrifugal gas compressor. 
This can better be illustrated in Fig. 3, 
which shows a cut-away of the gas tur- 
bine. This gas turbine takes air, as 
shown in Fig. 3 marked “Air Intake,” 
80,000 cfm, and is compressed through 
the axial flow compressor to six atmos- 
pheres. This air at approximately 450 F 
is exchanged with the exhaust gases in 
the regenerator and its temperature ele- 
vated to 800 F before entering the com- 
bustors. The regenerator is merely a 
shell and tube exchanger that is ex- 
changing heat from the exhaust gases 
to the compressed air. Fuel is burned, 
using part of the air for combustion, 
thereby increasing the temperature of 
the gases to 1450 F, and is then intro- 
duced to the high pressure turbine, 
which drives the axial flow compressor. 
The remainder of the energy in the 
gases, which is the work available, pass 
through the low pressure turbine, driv- 
ing the gas centrifugal compressor. The 
exhaust gas temperatures is 880 F, be- 
fore entering the regenerator, and 520 
F to atmosphere. 

Due to the split-shaft arrangement 
of the turbine, the speed of the gas com- 
pressors may be varied from 2000 to 
5500 rpm. This allows for a rather high 
loadability of the compressor through- 
out this range. With this variable speed 
characteristic it was possible to select 
compressors that would follow the pipe 
line characteristics and give us a very 
wide flexibility in operating pressures 
and volumes. 

Fig. 4 is a perspective of the gas 


. Gas compressor 
. Gas compressor inlet . Stack 
. Gas turbine 

. Starting turbine 
. Regenerator 

. Air intake 


. Air washer 


. Exhaust duct 
. Nozzle cooling tank 
. Duplex turbine controls 


turbine - driven centrifugal compressor 
stations as they are being constructed. 
The gas piping leading to and from this 
centrifugal compressor is in some re- 
spects typical of the practices used in 
existing centrifugal compressor stations 
operated by other companies in the in- 
dustry. All the valving in this piping 
system will be automatically operated 
from the control center and synchron- 
ized with the starting and shutting 
down sequence of the gas turbine. You 
will note the absence of a fire-wall be- 
tween the centrifugal compressor and 
the gas turbine. Considerable thought 
was given and time devoted to consulta- 
tion with the insurance companies be- 
fore deviating from present practices. 
The compressor seals as constructed and 
vented eliminate the possibility of gas 
escaping within the building and, there- 
fore, it is not considered that the elimi- 
nation of the fire-wall has made the in- 
stallation more hazardous. Special care 
is given to the gas piping inside the com- 
pressor building to eliminate all possi- 
bility of gas leakage. We do not consider 
the installation of the gas turbine com- 
pressor station any different in fire and 
explosion hazards than the reciprocating 
compressor station, where spark plugs 
and magnetos present equal hazards. 
In conclusion, may I say that we feel 
the operation of the gas turbine-driven 
compressor station has received all the 
engineering at our command, both from 
our organization and from the suppliers 
of equipment, and, on the strength of 
that, we have no reservations in predict- 
ing its successful operation. zee 
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the RIBBON Magnesium Anode 


Are you applying cathodic protection to 
your pipelines? THEN— Don’t overlook 
the advantages of Galvo-Line.® 

This magnesium ribbon provides prctec- 
tion with less current than other methods 
by distributing it evenly along the pipe- 
line. Not only that—but it produces several 


adapted times more current per pound than other 
conventional galvanic anodes. Thus, 
fi or easy Galvo-Line is distinctly more economical 


in soils where the current output of other 
anodes is low. , 


installation Here’s an example of its effectiveness: 45,000 


DOW SALES OFFICES: Atlanta © Boston ¢ Chicago ¢ Cleveland 
Detroit © Houston © Los Angeles * New York ¢ Philadelphia 
San Francisco @ Seattle © St. Louis 


AUTHORIZED DISTRIBUTORS: ANTI-CORROSION MFG. CO., Atlanta, 
Georgia *« CATHODIC PROTECTION SERVICE, Houston, Texas * DOWELL 
INCORPORATED, Tulsa, Oklahoma ¢ ELECTRO-RUSTPROOFING CORP. 
Belleville, N. J. © STUART STEEL PROTECTION CORP., Plainfield, N. J. © THE 
VANODE CO., Pasadena, California. 


THE DOW CHEMICAL COMPANY 
Magnesium Department ¢ Midland, Michigan 


DALVO-LINE 


for corrosion control 











feet of Galvo-Line was installed on badly 
corroding sections of a 60 mile bare gas line 
in 1948. During the four years prior to this 
installation 25 per cent of the leaks occurred 
in these sections. After installing Galvo- 
Line only 3 of over 200 leaks on this line 
have appeared in these protected sections. 
AND—NO LEAKS have been found in over 
2% years. 

One more fact. This installation cost less than 
one half of a conventional anode system. 
It does pay to investigate Galvo-Line. 
Write Dow today for more details. 












Techniques of FM Communication* 


P 620.36 


Operating and maintenance experience told 
by one of the first users in pipe line industry 


Prospective users of frequency modu- 
lated mobile radio equipment, and 
others who are already using this vital 
medium of communication, may find 
themselves faced with numerous oper- 
ating and maintenance problems, In 
order to realize maximum benefits from 
an FM radio system, it is necessary that 
the entire system be carefully engin- 
eered, the equipment efficiently main- 
tained, and operating personnel trained 
to operate according to rigidly defined 
practices. 

Our field experience began in 1945 
with only a few mobile units and base 
stations, which have since been ex- 
panded to more than 200 mobile units 
and 23 base stations. In this time we 
have learned certain operating and 
maintenance techniques, and numerous 
methods of improving service that we 
think will be of value to others and par- 
ticularly to relatively new users of FM 
radio. 


Selecting FM Equipment 


Selection of equipment is of prime 
consideration and may have a direct 
bearing on results obtained. Every 
mobile radio network should be tailored 
to, meet specific requirements, for a sys- 
tem that is ideal for one user may not 
fulfill all requirements of another. In 
this connection, manufacturer repre- 
sentatives can give very capable assist- 
ance in planning and engineering a new 
system or in the expansion of an oper- 
ating system. New developments are be- 
ing introduced by manufacturers almost 
daily and equipment now available is 
capable of providing much better results 
than were possible even a year ago. 

Before selecting equipment, several 
factors should be considered. Size and 
geometrical shape of the operating 
area will determine-maximum distances 
over which talkback will be required 
from mobile units. With this informa- 
tion, and with an analysis of the type of 
terrain to be covered, such factors as 
transmitter power and antenna height 
of base stations, power of mobile equip- 
ment and necessity for directional an- 
tennas or automatic relay stations can 
be estimated. 

A very pertinent factor that should be 


*Presented before Petroleum Industry Elec- 
trical Association, Tulsa, Oklahoma, April 14- 
17, 1952. 

+United Gas Pipe Line Company. 
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considered is the degree of dependability 
that will be required. If occasional 
“out-of-contact” periods can be toler- 
ated, a considerable saving can be real- 
ized by using low-powered units and 
reduced antenna heights. 

We try to engineer our network to 
give 100 per cent talkback dependability 
under all conditions. Although our en- 
gineering may seem ultra conservative, 
in view of results often obtained under 
favorable conditions, wherein mobile 
talkback range may be considerably 
greater than line-of-sight distance, this 
conservative practice has proved valu- 
able during periods of extremely ad- 
verse atmospheric conditions. 

Combining accepted theoretical form- 
ulas with past experience, we have ar- 
rived at approximate tower heights re- 
quired for 100 per cent talkback from 
a 60-watt mobile unit to a base station 
at various distances over flat terrain. 
With omnidirectional antennas and our 
operating frequency of 48.78 megacy- 
cles, we use the figures: 

For 33 miles talkback, a 140-ft tower. 

For 37 miles talkback, a 200-ft tower. 

For 44 miles talkback, a 300-ft tower. 

Before making final selection of a 
base station site, it is always advisable 
to measure ambient radio frequency 
noise levels at the proposed site. Am- 
bient noise level is quite often a limiting 
factor in procuring maximum talkback 
range. Increased antenna height im- 
proves signal-to-noise ratio to some de- 
gree but generally can not be depended 
upon to completely relieve the situation. 
In several cases, a relatively high an- 
tenna in a noisy location has been found 
less effective for receiving weak signals 
than’a pole-mounted antenna in a quiet 
location. To obtain a noise-free site, it 
may be necessary to move the station 
some distance from the operating point 
and operate by remote control, using 
wire lines or microwave link. We have 
built a number of telephone lines for 
this purpose and have leased several 
from commercial wire line companies. 
One of our control lines is 28 miles long 
and employs a telephone type carrier to 
superimpose radio control circuits on 
the telephone line without interfering 
with normal telephone service. 

The problem of whether to select so- 
called wide-band or narrow-band equip- 
ment may be presented. Any advantage 
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of wide-band over narrow-band opera- 
tion appears to be entirely theoretical, 
and the new user is strongly recom- 
mended to consider only narrow-band 
equipment. Our experience has been 
that narrow-band equipment provides 
equal distance coverage and equal 
speech quality and has numerous ad- 
vantages that add up to more satisfac- 
tory results. We have also found that 
narrow and wide-band equipment can 
be used together. When we installed our 
first 7.5-k¢ deviation equipment in an 
area where other base and mobile sta- 
tions were operating with 15-kc devia- 
tion, we anticipated trouble but were 
pleasantly surprised to find that all 
units intercommunicated satisfactorily. 
We have found that alignment of nar- 
row-band equipment has to be more 
closely supervised. Because of its critical 
receiver response characteristics, almost 
no frequency drift can be tolerated in 
either transmitter or receiver, an overall 
drift somewhat less than the 0.01 per 
cent tolerance specified in regulations 
for our operating frequency, being suffi- 
cient to cause serious distortion. 

As to which frequency band is most 
desirable, there are those who prefer to 
operate in the 25-50-megacycle band 
whereas others prefer the 153-158-mega- 
cycle band. Although all frequencies are 
becoming increasingly congested, each 
band has certain advantages and disad- 
vantages. In general, it will be found 
that contacts beyond the line-of-sight 
horizon can be established a greater 
percentage of time on the lower fre- 
quencies. By the same token, more skip 
interference from distant users of the 
same frequency, may be expected at 
the lower frequencies. The higher fre- 
quencies offer the advantage of quieter 
operation with less interference from 
electrical and atmospheric noise, as well 
as less frequent skip interference. De- 
pendable distance range is somewhat 
less, however, due to the increasing tend- 
ency of higher frequencies to follow 
strictly line-of-sight propagation paths. 


Maintenance Problems 


Present day equipment requires sul- 
prisingly little maintenance when we 
consider the complexity of FM receivers 
and transmitters. Manufacturers have 
studied maintenance problems and have 
incorporated many features in the equip- 
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ment that facilitate servicing. The fact 
remains, however, that a well organized 
maintenance program is absolutely es- 
sential to dependable operation. 

Some users prefer to have all main- 
tenance performed by company person- 
nel whereas others find it advantageous 
to negotiate contracts with commercial 
concerns who specialize in that kind of 
work, Extent of the operating area and 
number of mobile or base stations con- 
centrated in that area will determine the 
relative economics of the two methods. 

Our company operates over a wide 
geographical area extending from the 
Mexican border of Texas to western 
Florida. The radio situation varies con- 
siderably in different districts on this ex- 
tensive pipe line system. In one area we 
operate 44 mobile units and 2 base sta- 
tions, all situated within a radius of 40 
miles from district headquarters. These 
units are maintained by one full-time 
company employee who has set a very 
good record of continuous operation, 
and who generally has 10 to 25 per cent 
of his time available for assisting in the 
maintenance of telemetering and tele- 
phone carrier equipment. Cost of main- 
taining these units during 1951, based 
on the employee’s total salary and his 
transportation expenses, averaged $15 
per month for base stations and $8.40 
per month for mobile units. Dynamotor 
repairs and replacement parts, of which 
tubes, antennas, cables, and tower lights 
account for the major cost, add another 
$4 per month per unit. It should be 


noted that almost half the units in this 
district are from four to seven years 
old. Maintenance cost of the older units 
has been found to be considerably 
higher than for the newer units, the 
ratio in some cases being as high as two 
to one. 

A majority of our operating districts 
do not have a sufficient concentration of 
radio units to justify full time mainte- 
nance personnel. At several locations we 
are fortunate in having licensed radio 
technicians who devote only a part of 
their time to radio maintenance, their 
principal duties being in the telephone, 
telemetering, or corrosion control field. 
Accurate cost figures are not available 
for these districts. 


Contract Maintenance 


Our experience with contract mainte- 
nance of radio equipment has been quite 
satisfactory, both from a service stand- 
point and as to the relative cost per 
unit. Most of the contracts cover labor 
and transportation incurred in connec- 
tion with equipment servicing, includ- 
ing the replacement of tower lights. Re- 
placement parts are generally supplied 
by the contractor but billed separately. 
Transferring radio equipment from one 
vehicle to another is also done by the 
contractor at an additional cost. Our 
practice is to have company personnel 
make all frequency checks and other in- 
spections required by FCC. Prices 
charged by the contractors for services 
described above vary from $5 to $8 per 


month per mobile unit and from $15 ; 
$25 per base station. Replacement pa 
add approximately $6 per month { 
each base station and $4 per month ‘: 
each mobile unit. 

It has been said that radio servicemen 
find more cases of trouble by instinc 
rather than by process of reason. Ii is 
well known, however, that most equip- 
ment faults can be classified unde: 
few general headings and the ability to 
diagnose trouble quickly often fol!ows 
when the serviceman has worked on a 
particular type of equipment iong 
enough to become thoroughly familiar 
with it. 

Many mobile radio ailments can be 
traced directly back to the automobile 
battery. If the battery charge has been 
allowed to fall too low, or if battery 
cables are loose or defective the battery 
will not supply sufficient energy to op- 
erate radio equipment properly. Under 
such conditions the battery may even 
turn the automobile engine over, which 
often prevents the operator from sus- 
pecting battery trouble and leads him to 
believe that various components of his 
radio equipment are defective. 

Breakdown of components quite often 
does result from operating receivers or 
transmitters on low battery voltage. In 
the receiver, such operation results in 
excessive sparking of vibrator contacts, 
which burns contact points, shortens 
vibrator life, and may cause the vibra- 
tor to stick and blow fuses. In the trans- 
mitter, the dynamotor will be seriously 
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| Sarequad Tennessee Crossing 


Tides, floods, currents and shifting sands cause lines crossing 
bodies of water to ‘‘buoy-up,”’ move laterally, even spring 
leaks. Texas Gas Transmission Corp. of Owensboro, Ky., safe- 
guards against such events by installing Universal River 
Weights on two of their lines crossing the Tennessee River. 
They found it the economical way to add necessary weight. 


for the complete story of the Tennessee Cross- 
= ing and additional information on River 
Weights and sizes available. 
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ville. PA.: Norristown, 
Pittsburgh. TENN.: Nash- 
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1ATE — Concrete 
Pipe Co. of Ohio, 
Cleveland, Sandus- 
ky, Youngstown, 
Ohio; Erie, Pa. 
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Throughout 
the industry... 
Honeywell 

is on the job 


TRANSPORTATION 


Practicatty everywhere that the petroleum industry needs sensitive, 
accurate measurement and control, you'll find Honeywell at work. Brown 

instruments cover virtually every measurable variable . . . temperature, pres- 
‘ sure, flow, liquid level, pH, specific gravity, and scores of others. Equipment 
for every conceivable application includes sensing elements, instruments 
(conventional size and miniature), control systems, remote transmitting 


systems, and control valves . . . and complete, custom-built panels for central- 
ized process control. 


Field service . . . either regularly scheduled or emergency .. . is available 
promptly from 55 service centers throughout the United States. At your 
disposal, too . . . free of charge or obligation . . . is a well staffed service schoo! 
for training your own instrument men. 


Our local engineering representative will be glad to discuss your instrumenta- 
tion problems. Call him today . . . he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4475 Wayne 
Ave., Philadelphia 44, Pa. 


MINNEAPOLIS 


Honeywell 


SBROWN INSTRUMENTS 


© “nportant Reference Data Touts we Covtiols. 


Write today for Composite Catalog No, 5000 . . . a handy, complete reference for all Brown instruments and controls. 


HOWEYWELL 
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overloaded and may blow a fuse if the 
battery fails to deliver enough energy 
to bring it up to normal operating speed. 
If the fuse does not blow, overheating 
may occur and excess sparking of 
brushes may damage the dynamotor. 

Low battery voltage can also cause 
reduced receiver sensitivity, reduced 
transmitter output and may result in off- 
frequency operation. 

To avoid the many headaches result- 
ing from run-down batteries, it is good 
practice to have the battery checked at 
frequent intervals using the usual hy- 
drometer and shorting-voltmeter tests. 
Another good check may be made by 
measuring battery voltage while the 
transmitter is operating. Some equip- 





ment manufacturers specify a minimum 
of 5.2 v, measured at the filament socket 
connections with the transmitter oper- 
ating. It should be routine procedure to 
turn off radio equipment while starting 
the automobile engine. 

The need for special battery charging 
equipment will be determined by the 
amount a vehicle is driven and the radio 
used. We follow a standard practice 
of replacing the regular automobile bat- 
tery with a Group 4 heavy duty battery 
on all vehicles equipped with radio. On 
maintenance trucks and other vehicles 
that are often parked with radio on, we 
also install alternator-rectifier type 
charging equipment in place of the 
standard automobile generator. Some 
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MORE BARRELS PER DOLLAR... 
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Economical and Rugged. 


Type GP-4 Pig 16” to 
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Similar design for 
10” to 14” sizes. 


Brushes expanded by 
arched springs. 


Brush and cup service 
life up to 1,000 miles. 





Type RC-50 Pig 8” to 14” 
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6” size, similar,type SC-50. 
Jet-rotation feature distrib- 


utes wear of brushes and 
cups. 
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Casper, Wyoming 


Keyes Tank Co. 
Provo, Utah 











THE PETROLEUM ENGINEER, Reference Annval, 1952 


users install separate batteries to oper- 
ate radio equipment. This has the ad. 
vantage of allowing normal operation of 
the vehicle if the radio battery becomes 
discharged. 

We have experienced a few cases of 
battery failure that occurred while ihe 
vehicle was being driven at night with 
headlights on and frequent use being 
made of the radio transmitter. Installa- 
tion of alternator-rectifier type genera- 
tors completely eliminated this difficulty 
in every case. 


Improving Operation 

In August of last year the Federal 
Communications Commission announced 
certain revisions of the “Rules Govern- 
ing Industrial Radio Services”. Several 
of the rule changes’ will benefit users of 
FM radio systems. Under the new pro- 
visions, effective range of mobile units 
and base stations may be extended by 
use of automatic mobile relay stations 
and automatic fixed relay stations. 

These unattended stations, which pick 
up signals from other stations and auto- 
matically retransmit them on a different 
frequency, may be situated at favorable 
sites such as hilltops or other elevated 
points and may use various means for 
obtaining maximum coverage such as 
high antenna towers and directional an- 
tennas. 

The transmitter of a relay station 
must be normally inoperative, being 
made operative only by electronic re- 
lays, which operate when a signal of 
proper frequency is picked up on the 
receiver. 

The term “mobile relay station” may 
be confusing in that it describes a base 
station authorized primarily to retrans- 
mit communications from one mobile 
unit to another. Except under certain 
conditions, a coded calling system must 
be installed to prevent the mobile relay 
station from retransmitting undesired 
signals. 

The other type of relay, called a fixed 
relay station, is one that is authorized to 
receive signals from any source and re- 
transmit them to another fixed station. 
The only difference in the two types of 
repeaters, insofar as equipment is con- 
cerned, is the operating frequencies 
available. Mobile relay stations may be 
assigned any frequency available for 
base stations, whereas fixed relay sta- 
tions are assigned only those frequencies 
available for fixed stations. 

Our experience with automatic relay 
stations consists of operating two such 
stations, one on a frequency of 456.55 
megacycles and one on 72.66 mega- 
cycles, both being classed as fixed relay 
stations because of their transmitting 
antennas are beamed toward base 
stations. 

The 72-megacycle relay has been op- 
erating for 5 years and is situated on a 
ridge approximately halfway between 
two base stations 105 miles apart. The 
station receiver operates on our mobile 
frequency using an omnidirectional an- 
tenna mounted on an 80-ft pole. Signals 
from mobile units operating in that 
vicinity are picked up by the relay sta 

tion and retransmitted to the base sta- 
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tions simultaneously on the 72-mega- 
cycle frequency. The transmitter is rated 
at 30 watts output and feeds two six- 
element directional antennas mounted 
on the 80-ft pole, the antennas being 
connected in tandem to a single coaxial 
transmission line. Similar six-element 
directional antennas feed 72-megacycle 
receivers at the two base stations, one 
being mounted on a 200-ft tower, the 
other on a 300-ft tower. Very consistent 
talkback from mobile units operating at 
almost any point between the two base 
stations is obtained with the arrange- 
ment. In addition, direct communication 
between the two base stations is quite 
dependable. Without the relay station, 
contact between the base stations can be 
relied on only about 50 per cent of the 
time as propagation is not along a line- 
of-sight path. 

In this connection, an odd phenom- 
enon has been observed that we are un- 
able to explain. A company-owned tele- 
phone line connects the control points of 
the two base stations to which the auto- 
matic relay station is beamed. When the 
telephone line goes out, direct contact 
between the base stations is almost al- 
ways interrupted. An odd factor is that 
the telephone line is some distance re- 
moved from the direct path between the 
two stations, leaving one station at a 
20-deg angle from the direct radio path 
and continuing in that direction until 
the separation is some 30 miles. The 
telephone line then doubles back to- 
ward the other station and enters lead- 
covered cable some 10 miles from the 
transmitter. To make the situation more 
puzzling, dozens of commercial tele- 
graph, telephone, and power lines follow 
much more nearly the direct propaga- 
tion path. Contact between the two base 
stations via the automatic relay station 
is apparently unaffected by telephone 
line outages. 

Our 456-megacycle relay station, like 
the 72-megacycle relay described above, 
also receives signals on our mobile fre- 


quency but automatically retransmits . 


them to two base stations on the 456- 
megacycle frequency. The two trans- 
mitting antennas, each consisting of four 
Telement Yagis, are tandem fed from 
one coaxial transmission line, and are 
mounted on a 300-ft tower. The two base 
stations to which signals are beamed are 
situated 90 miles apart and would nor- 
mally realize practically 100 per cent 
intercommunication. The noise level at 
one station has increased since installa- 
tion to a value that seriously limits its 
receiving range, however, installation of 
the relay appears to have solved the 
problem. To date, the 456-megacycle 
signals have been quite dependable, but 
as this relay has been in operation only 
about two months, no conclusive results 
can be announced. 

Many varied combinations of mobile 
telay stations, fixed relay stations, and 
ase stations may be designed to meet 
specific problems involving extreme 
talkback range, difficult terrain, or areas 
of high noise level. Some of these com- 
binations require several operating fre- 
quencies. In the interest of frequency 
Conservation it is advisable to operate 
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protection in handy tape 
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with as few frequencies as possible, us- 
ing wire lines wherever available to 
connect relay stations and base stations. 

A typical network that will provide 
direct car-to-car and base-to-car eom- 
munication over considerably longer 
distances than can normally be relied 
on consists of a mobile relay station that 
receives on the regular mobile frequency 
and transmits on a second mobile fre- 
quency, with cars and base stations 
equipped to transmit on either frequency 
but receive only on the first, or regular 
operating frequency. With such a system, 
normal operation is carried on using the 
first frequency only, the relay station 
not being activated. Then when greater 
distance is required, a mobile or base 


station transmits on the second fre- 
quency, which activates the relay sta- 
tion, thus providing the additional cover- 
age. 

A variation of this system might in- 
clude a second relay station some dis- 
tance from the first, with wire line con- 
nections between the two. Still other 
variations can be worked out by using 
radio to connect the relay stations or 
wire lines to connect either.or both re- 
lay stations to base stations. It is easy 
to see that a system can thus be de- 
signed to fit almost any situation. 

A word of caution may be in order 
when selecting relay station equipment. 
The 72-megacycle band is not far re- 
moved in frequency from television 
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channels 4 and 5. Before deciding sn 
this frequency band, an investiga: 
should be made to determine wheter 
the FCC allocation includes televis; ny 
stations on channel 4 or 5 in the vicin:ty. 
to which interference may be cause:i._ 

Several pipe line companies have in. 
stalled microwave radio communic:' ‘on 
systems and have integrated their mo. 
bile and base radio network with ‘he 
microwave system. A mobile stztion 
situated anywhere along the line may 
call in to the nearest base station, where 
his signals are automatically impressed 
on a microwave channel and relayed to 
his headquarters, which may be hun- 
dreds of miles away. The reply travels 
back along the microwave path until it 
reaches the base station where it is re- 
transmittéd on the mobile frequency to 
the mobile unit. 

Integrating a mobile and a microwave 
system to work together is not as intri- 
cate a problems as it may seem. Very lit- 
tle equipment not already incorporated 
in a microwave terminal or drop re- 
peater is required and many functional 
variations are possible. 

The microwave system now being in- 
stalled in connection with our 30-in. pipe 
line in Mississippi and Louisiana has 
provisions whereby the district dis- 
patcher in Jackson can communicate 
directly with mobile units. Separate 
microwave channels are used to allow 
him to operate either of two base sta- 
tions and to select either of three Te- 
mote VHF receiver locations for most 
efficient mobile talkback. In addition, 
provisions have been made for the dis- 
patcher to monitor all transmissions 
from either base station and to render 
either transmitter inoperative if the need 
arises. Operation of tower lights of the 
two base stations, as well as of all micro- 
wave repeater towers, will be indicated 
on a control panel in the Jackson office. 
Several other microwave channels will 
be utilized for telemetering and remote 
control of gas flow in the pipe line 
simultaneously with these functions. 
There seems to be no limit to what can 
be done with present electronic equip- 
ment. 

Regardless of equipment design, 
proper training of operator personnel is 
absolutely essential. Under present 
regulations it is necessary that all trans- 
missions be restricted to the minimum 
possible time and that each licensee 
adopt some standard form of operating 
procedure. To assist users ini conserva- 
tion of transmitting time, a guide has 
been prepared by the Operating Prac- 
tices Committee of the National. Petro- 
Joum Radio Frequency Coordinating 
committee. This guide should be of 
assistance to any user in the formula- 
tion of a standard operating procedure 
to fit his particular needs and at the 
same time help him to be a good neigh- 
bor to those who share his operating 
frequency. 

One outstanding fact that everyone 
must keep constantly in mind, is that 
our allotted FM frequency bands are 
already seriously congested. We must 
each operate in such a way that we will 
“live and let live”. xe 
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NATURAL GAS GATHERING’ 


Hydrate formation, dispatching, and corrosion are 


the most troublesome problems—How to meet them 


A NUMBER of problems are encount- 
ered in the gathering of natural gas. 
Of these, three particularly troublesome 
factors are hydrate formation, dispatch- 
ing difficulties, and corrosion. 

Hydrate formation may be alleviated 
by indirect heaters, separators, and low- 
temperature extraction units at the 
well. Dispatching difficulties can be 
minimized by proper advance notice of 
large changes in demand. Corrosion is 
perhaps best controlled by cathodic 
protection. 


Hydrates 

Hydrate formation is especially trou- 
blesome in a gathering system because 
of the widely separated points where the 
gas is taken, ordinarily only a few mil- 
lion cubic feet per day from each field. 

The layout of a typical system, of 
course, makes it impractical, because of 
the cost involved, to build more than a 
few dehydration plants at certain stra- 
tegic junctions. The real problem, then, 
isto keep the gas moving without freez- 
ing from the wellhead to the dehydra- 
tion plant. After passing through a de- 
hydration plant of reasonable efficiency 
comparatively little trouble is encount- 
ered from icing conditions. 

During the critical period when the 
gas is passing between the well and the 
dehydration plant, the tendency to form 
hydrates can be partially overcome by 
the use of indirect heaters, separators, 
and low-temperature extraction units at 
the well, and by the use of drips placed 
along the line at convenient stations. 

The most recent of these developments 
is the low-temperature extraction, or 
LTX unit, which is one of the better 
methods of reducing the moisture con- 
tent. These units also increase the re- 
covery of distillate by 10 to 20 per cent, 
and when properly used the water con- 
tent of gas after processing has been 
found to be less than 7 lb of water per 
1,000,000 cu ft of gas. Some companies 
have encouraged the use of these devices 
by paying a bonus when contract de- 

ydration minimums are met. 


Dispatching 
Dispatching is a 24-hr problem within 
any gas company, but particularly so for 


tPresented before Southern Gas Association, 
Gziveston, Texas, April 28-80, 1952. 
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the gas-gathering company. Its lines are 
comparatively short in length and of 
small diameter. Pressures are usually 
maintained much higher than on a trans- 
mission line, and the gas travels at a 
high rate of speed. Consequently, there 
is no cushion to speak of, in the form of 
a line pack, and input and output must 
be closely synchronized. 

If a sudden cutback in volume is made 
by a large user without proper advance 
notice, it is very likely that some of the 
mechanical safety devices, such as burst- 
ing heads and relief valves, will be af- 
fected by the sudden increase in pres- 
sure before enough well production can 
be taken off the line to compensate for 
the reduced output. Likewise, a sudden 
increase in consumption without ade- 
quate advance notice will cause the 
pressure throughout the system to be 
lowered beyond operational minimums. 

Because it takes a certain amount of 
time to put wells on the line or to shut 
them in, this is a real problem. Constant 
effort is expended to impress its im- 
portance upon dispatchers of large users 
of gas. 

The widespread use of automatic, and 
in some cases remotely controlled, pres- 
sure and volume controllers has been a 
great help in handling large volumes of 
gas, and in fact has made it possible for 
the gatherer to take gas from widely 
separated fields and concentrate it in 
quantity at one point with a very few 
men. 

Dispatching is roughly only 50 per 
cent operational in.the modern gather- 
ing system, however. It is at least 50 per 
cent contractural and legal. Contract 
commitments as to maximum and mini- 
mum volumes must be constantly kept 
in mind when regulating day-to-day flow 
requirements. 

Allowable volumes of state regulatory 
bodies must also be kept track of from 
day to day, and anticipated long enough 
in advance to apply for 60-day allow- 
ables. It is the experience of Louisiana 
Natural Gas Corporation that it takes 
as large a-staff to keep up with the con- 
tractural and legal aspects of dispatch- 
ing as it does actually to dispatch gas in 
the field. 

Weight must be given to other factors, 
however. For example, flare gas is given 
first priority in all operating fields, and 
constant effort is made to protect the 





producers from drainage, even if it ex- 
ceeds contract commitments. 

It is absolutely essential, if the gath- 
erer is to have his dispatching on a 
realistic basis, that he establish and 
keep good relations with the producers 
from whom he buys, and with the com- 
panies to whom he is selling. 


Communications 


A part of the modern pipe line system 
that is closely tied up with dispatching 
is communications. Many companies 
rely on private telephone systems. The 
postwar years, however, have seen a con- 


‘siderable shift to the various forms of 


radio. 

FM radio networks have proved the 
most practical for the gathering end of 
the industry. In larger systems, such as 
cross-country transmission lines, micro- 
wave radio is gaining in use and popu- 
larity. It has not been tested long enough 
to find widespread acceptance in the 
gathering industry as yet, however. 

FM radio has a number of advantages 
that appeal to the average gathering 
company. It is cheap enough to permit 
widespread use, and thereby to gain full 
advantage of its flexibility, and it is re- 
liable enough to be used in all but the 
worst weather conditions. 

It is company policy to equip with 
radio every vital operating station and 
vehicle. Greatest use of the network is 
for dispatching and related problems. 
Volumes and pressures from the critical 
points are taken on a regular timetable, 
usually once an hour, and any orders for 
changes in volume go out by radio from 
the central dispatching office to men in 
the field. 

Next to dispatching, radio is most 
convenient during construction work, 
particularly for expediting material to 
the job, and during blowing and testing 
operations. The savings in manpower to 
a company are considerable if this high- 
speed communication is exploited to the 
fullest. 


Cathodic Protection 


In the Gulf Coast area where many 
lines are laid in marshes and salt water, 
use of cathodic protection is widespread. 
The savings in maintenance costs alone 
are tremendous over a period of years. 

Of primary importance in obtaining 
satisfactory results from the use of 
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of the pipe so that a minimum of ele«- 
trical current is required. 

Three conditions are equally nece.. 
sary to obtain effective insulation: 

1. The use of a high resistance coating 
on all metallic surfaces throughout the 
pipe line, including valves, river weights, 
and road casing, as well as pipe. 

2. The separation of the pipe line 
from other pipe lines and from nearby 
metallic structures such as bridges or 
footings. 

3. The provision of insulated joints at 
all terminals and junctions, including 
delivery points, laterals, meter sta- 
tions, etc. 

It is not always easy to install this pro- 
tection on isolated lines, especially along 
the uninhabited marshland of the Gulf 
Coast, due to the absence of available 
electric power at the desired places. 
This may be overcome in part, however, 
by the use of sacrificial anodes and other 
methods of power generation. 

Most of Louisiana Natural’s system is 
protected by rectifiers, which are con- 
nected to commercial power lines, al- 
though some sacrificial anodes are in 
use at isolated locations. 

Cathodic protection should be in- 
stalled if it is at all possible to do so. 


Successful Operation 


The successful operation of a gather- 
ing system depends upon careful plan- 
ning and designing so that all possible 
strictures are eliminated, and all pipe, 
valves, and fittings come up to maximum 
pressure conditions. 

Adequate provision should be made 
for pig traps. In some cases where older 
fields are being drained it has been 
found necessary to install field compres- 
sors to effect satisfactory recovery of 
the reserves. Much thought should be de- 
voted to the arrangement and placing 
of separators, particularly when it is 
feasible to pipe gas at well pressures to 
a central control point where the separa- 
tors can be conveniently placed in bat- 
teries. This has the further advantage 
of permitting quicker and more eco- 
nomical control of the rate of flow. 
Under certain conditions it is desirable 
to design the gathering lines in such a 
way that stripping or gasoline extraction 
plants may be suitably located. * * * 





Gas By-Products 


Hundreds of chemicals and other 
by-products are derived from the 
manufacture of gas or through 
processing natural gas. Natural gas 
has proved a great boon to agri- 
culture. One of the prime essentials 
of plant growth is nitrogen. Am- 
monia, which contains about 82 
per cent by weight of nitrogen, can 
be produced by catalytic reform- 
ing of natural gas at less cost than 
from gasification of coal. A plant 
recently erected in California now 
manufactures about one-half of the 
nitrogen used in that state. 
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Herscher Dome As Gas Storage Reservoir* 


P 653. 


Studies and preliminary development work indicate 


large volume storage is economical and practicable 


N arurat Gas Pipeline Company of 
America owns and operates a dual 24-in. 
and 26-in. natural gas pipe line that ex- 
tends from the Texas Panhandle and 
Hugoton gas fields to the market area 
of northern Illinois. Horsepower of 
152,750, required to deliver 510,000,000 
cu ft per day through these lines, is in- 
stalled at three field and nine mainline 
compressor stations. 

On December 1, 1951, Texas Illinois 
Natural Gas Pipeline Company, an asso- 
ciate of Natural, began deliveries to 
utilities in the Chicago area, downstate 
Illinois, and to Natural Gas Pipeline 


Company of America that will soon total - 


374,000,000 cu ft per day. Texas I]linois, 
at the present time, contemplates the 
expansion of its system to a sales capac- 
ity of 524,000,000 cu ft per day by the 
addition of 104,000 hp. Upon completion 
of this expansion program, daily deliver- 
ies of both companies will exceed 1,- 
034,000,000 cu ft. 

The utilities being served by Natural 
and Texas Illinois are now delivering 
natural gas for househeating to approxi- 
mately 225,000 homes; 35,000 of these 
spaceheating customers have been added 
since the completion of the Texas IIli- 
nois line. The present capacity of the 
new line should allow the acquisition by 
the utilities of approximately 165,000 
additional househeating customers, mak- 
ing a total of approximately 390,000 
homes that are capable of being sup- 
plied. There will be many new houses 
built ‘in the area served by the pipe 
lines which, together with the probabil- 
ity that househeating applications will 
be filed by many customers who now use 
gas only for cooking, point toward a 
possible future additional househeating 
load of 800,000 customers. At the pres- 
ent time, utilities served by Natural and 
Texas Illinois in Illinois are receiving 
househeating applications at a rate in 
excess of 10,000 per month. 

During the past several years, ex- 
haustive studies have been made to de- 
termine the most economic and feasible 
method of meeting this unprecedented 
demand. Theoretically, the problem cai: 
be solved by the construction of addi- 
tonal pipe lines, but this method is un- 
economical due to the huge investment 


— 


*Presented before the Natural Gas Depart- 

temo American Gas Association, Los Angeles, 
‘alifornia, May 12 and 18, 1952, under the full 

title “Potentialities of the Herscher Dome as 

a Gas Storage Reservoir.” 

nie ice President in charge of operations, 
atural Gas Storage Company of Illinois. 


THE PETROLEUM ENGINEER, Reference Annual, 1952 


M. V. BURLINGAME?t 


involved. In addition, such an undertak- 
ing would require the utilization of large 
quantities of steel, copper, and other 
critical defense materials. It is nearly 
self-evident that the only practical 
method of solving the problem is by the 
construction and utilization of large vol- 
ume storage. 

One of the earlier possibilities that 
was considered provided for the devel- 
opment of a cavern storage program. 
This plan envisioned the mining of a 
dense dolomitic formation, marketing 
the dolomite and eventually using the 
resultant cavity as a storage chamber. 
The engineering and economic studies 
indicated this to be a relatively slow and 
expensive method of providing adequate 
storage facilities for the volumes re- 
quired to serve the customers and, there- 
fore, this plan has been held in abey- 
ance. 

Also, consideration was given to the 
use of old oil and gas fields. It is well 
known that a number of these aban- 
doned fields exist in Illinois and Indiana 
within an economic radius of Chicago 
from the standpoint of storage. Those in 
Michigan were not seriously considered 
because of their distance from the mar- 
ket area. In Indiana the old Trenton 
gas field area still delivers small vol- 
umes from a number of wells. Many 
wells were abandoned without being 
plugged, however, and the records of all 
the fields are extremely incomplete and 
inaccurate. Consequently, storage in this 
state was not seriously considered. In- 
vestigations in Illinois uncovered sev- 
eral encouraging possibilities, particu- 
larly in the Benton, Patoka, Boulder, 
and St, James fields. Of these fields, the 
Patoka area is perhaps the best suited 
to gas storage but, due to its distance 
from Chicago and its relatively small 
capacity, it is not being seriously con- 
sidered at the present time. 

Early in 1947, studies were initiated to 
determine the feasibility of using the 
Herscher anticline for underground gas 
storage. This geologic structure is near 
the village of Herscher not far from the 
city of Kankakee. When first contem- 
plated, however, the maximum daily de- 
livery from storage was estimated at 
180,000,000 cu ft with an annual with- 
drawal of 3,500,000,000 cu ft. The esti- 
mated cost of developing this under- 
ground storage project for these vol- 
umes resulted in annual fixed charges 
that made the project uneconomical and, 
therefore, further work on the idea was 








delayed until late in 1949 when plans 
for the Texas Illinois line were finalized. 
It was obvious that the increased avail- 
ability of gas from the Gulf Coast would 
be such that the project would he 
feasible. 

For an underground reservoir to be 
safe and capable of successfully storing 
gas, three fundamentals are required: 

(1) There must be a geological trap 
large enough to hold the desired amount 
of gas and of such a nature that the gas 
will not migrate laterally. 

(2) The reservoir bed must be suit- 
ably porous and permeable so that the 
gas can be readily injected and re- 
covered, but must also be far enough 
below the surface of the ground so that 
the gas can be safely retained at the 
pressures required. 

(3) There must be an impervious 
strata above the porous structure to pre- 
vent the gas from leaking to the higher 
horizons. 

The structure at Herscher is a closed 
anticline containing a reservoir bed of 
porous sandstone about 100 ft in thick- 
ness. This formation carries brackish 
artesian water. The porosity and per- 
meability is of such a nature that both 
the injection and deliverability rates 
should be entirely adequate for economi- 
cal storage. This sandstone formation, 
known as the Galesville sand, lies at 
about 1750 ft from the surface on the 
crest of the dome. Overlying it are dense 
impervious limestone and shale beds 
that will prevent the upward escape of 
the gas. The reservoir bed as well as the 
overlying beds have been folded into a 
closed dome, which provides an ade- 
quate trap from which the gas cannot 
escape laterally. 

This anticline has been known for a 
good many years. In 1928 the data on 
the area were summarized and pub- 
lished in a geological report on the 
Herscher quadrangle prepared by the 
Illinois State Geological Survey. 

The studies of 1949 included the ac- 
cumulation of all available data with re- 
gard to the geology of the Herscher 
erea. These data when properly ana- 
lyzed, disclosed that the shallow Galena 
dolomite occurs at depths of from 150 
to 500 ft below the surface and that the 
contour of this formation follows closely 
the contour of the deeper Galesville 
sand. It was discovered that this situa- 
tion is generally true throughout north- 
ern Illinois. The Galena was, therefore, 
selected as a marker horizon and with 
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FIG. 1. Model of Herscher storage 
area—northwest view. 


water well’ drilling equipment, 104 test 
holes in a 30-square-mile area were 
drilled to the top of this marker forma- 
tion. In addition, 100 seismographic 
stations were occupied and 2 sets of data 
obtained from each station. All these 
data were used in contour mapping the 
surface of the Galena. The’ result of this 
work indicated that the closure of the 
lower Galesville would be approximately 
200 ft and that the area covered would 
be approximately 8 miles long by 2%, 
miles wide, encompassing nearly 15,000 
acres, 

These dimensional relations are shown 
in Figs. 1, 2, and 3. Fig. 3 is a cutaway 
section in the middle of the dome. One 
side indicates normal conditions in the 
formation with the formation water ris- 
ing in the wells to the regular hydro- 
static level, the other side indicating the 
expected situation after gas has been in- 
troduced into the structure. 

Following a definite indication that 
the desired structure is present, it was 
necessary to test the reservoir bed and 
the overlying cap-rocks to determine 
their porosity, permeability, and the 
fluid content of the sand. This has been 
done by drilling 5 test wells into and 
through the formation to depths of ap- 
proximately 2000 ft. Casing was set in 
each of the wells at the top of the Gales- 
ville and was cemented from that forma- 
tion to the surface. Two of the wells 
were thoroughly cleaned out and treated 
with mud acid properly to prepare them 
for a series of water production and in- 
jection tests in order to obtain deliver- 
ability data. One of the wells was drilled 
on the extreme north edge of the area 
and will be used as an obsérvation well 
to determine the effect, if any, on the 
formation pressures during the opera- 
tion of the project. 

Cores were obtained from the lower 
horizons of all but the last of these wells. 
These cores were analyzed geologically 
in detail. This work included the deter- 
mination of porosity and permeability at 
2-ft intervals along each in both hori- 
zontal and vertical directions. To do this 
it was necessary to drill plugs from the 
cores in the proper locations and obtain 
cylindrical sections by sawing. It should 
be mentioned that the coring was not 
confined to the porous sand but included 
the immediate overlying and underlying 
formations, thus making it possible to 
determine the ability of the sealing beds 
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FIG. 2. Southwest view of Herscher 
storage area. 


to retain the stored gas. The last well 
drilled was not cored but was drilled 
clean with structural water to facilitate 
obtaining a naturally clean water sam- 
ple from the reservoir. Samples of 
water produced from this well, together 
with samples from the higher horizon 
obtained by drill stem testing, were sub- 
mitted for chemical analysis to the IIli- 
nois State Water Survey. During the 
drilling of all of the wells, electric log- 
ging surveys of open holes below the 
surface casings were made to obtain 
geological and geophysical information 
on the formations penetrated. 

It was discovered that the formation 
waters in the Galesville sand are under 
a normal expected hydrostatic head of 
approximately 700 psi. To operate the 
formation as a storage reservoir, it will 
be necessary to displace the salt water 
up the formation, and this displacement 
will necessarily lead to compression of 
the gas to at least 700 psi. It is antici- 
pated that initial compression will be 
considerably in excess of this figure, but 
as the bubble becomes established in 
the reservoir the injection pressure will 
probably be considerably less than that 
at the beginning of operations. Only 
from experience will it be possible to 
know how much pressure will be neces- 
sary, but it is presently estimated that 
at least 850 psig will be required dur- 
ing the early years of operation. As gas 
is withdrawn, it is visualized that the 
water will tend to return, but again the 
rate of return is not presently known 
and will only be discovered by experi- 
ence. If the reservoir were entirely open, 
the water would return as fast as the 
gas is withdrawn and its return would 
result in the gas being compressed to a 
pressure corresponding to the hydro- 
static head. In a sand of low permeabil- 
ity, however, the rate of water return 
would be slow, in which case gas with- 
drawal pressures would continually de- 
cline as larger and larger volumes were 
taken out of storage. As was pointed out 
in a preceding paragraph, the Herscher 
reservoir bed contains a sand of rela- 
tively high permeability, so a consider- 
able degree of water drive can be antici- 
pated, leading to the conclusion that 
withdrawal pressures will be relatively 
high. 

The rate of water drive, with its effect 
on pressures, will affect the operation of 
the field in several ways. In the first 
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FIG. 3. East-West cross-sectional 
view at center of structure. 


place, the deliverability per well will be 
definitely influenced, which in turn will 
dictate the number of wells that must be 
drilled. Likewise, it will have an in- 
fluence on the amount of gas that must 
at all times remain in the field to main- 
tain adequate deliverability per well and 
prevent coning of the water, the ulti- 
mate effect of which would destroy the 
ability of the wells to produce gas until 
the water was driven back by further gas 
being injected. Laboratory work and 
geological studies are continuing and it 
is hoped that it will be possible to ar- 


‘rive at some conclusions that will be of 


sufficient accuracy to provide a basis for 
the accurate planning of a well drilling 
program for the early years as well as 
for basic operating procedures. In any 
event, operations during the first year 
will provide an accurate basis for fore- 
casting developments that will be neces- 
sary during subsequent years. 

With regard to the capacity of the 
reservoir, it is presently anticipated that 
as much as 90,000,000,000 cu ft can be 
usefully stored. As previously men- 
tioned, all capacity is not active stor- 
age, i.e., available for delivery during 
any one heating season. The unusable 
portion of the potential capacity is oc- 
cupied by cushion gas. Again, experi- 
ence alone will determine the ultimate 
percentage of the reservoir volume that 
must be allocated to cushion, but it is 
presently thought that as much as 90.- 
000,000,000 cu ft will be required for 
cushion if 90,000,000,000 cu ft is to be 
made available for withdrawal during 
any one heating season. The maximum 
rate of withdrawal will depend upon the 
number of househeating customers that 
ultimately will be connected, but pres- 
ent estimates indicate that as much as 
1,500,000,000 cu ft per day will be de- 
livered during peak days after the 
project is developed to its maximum 
capacity. 

Initial construction activities in the 
area included the acquisition of storage 
rights from the landowners and, to date, 
easements on more than 12,000 of the 
15,000 acres have been acquired. Tlie 
laws ‘of the state of Illinois presently 
provide the right of eminent domain in 
the acquisition of underground gas stor- 
age rights, but it is the policy of the 
company to exercise this right only as 
a last resort. It is possibly redundant tv 
mention that it will be necessary to ob- 












tain storage rights on all property over- 
lying the storage area before large sums 
are expended for the development of the 
project. 

It is proposed to develop the project 
in an orderly manner by adding incre- 
ments of capacity as additional space- 
heating customers are connected to the 
mains of the distribution companies. 
During the first year it is proposed to 
drill 25 wells for the injection and de- 
livery of gas and to lay gathering lines 
to connect them to a centrally located 
compressor station and dehydration 
plant. With further regard to the num- 
ber of wells, it is thought probably that 
50 may be the total number at maximum 
development of the project. Also, the 
first increment includes a 30-in. by 
11/32-in. pipe line extending approxi- 
mately 17 miles westward from the com- 
pressor station to the main line of Texas 
Illinois. During the first year this line 
will be used to transport gas to storage 
during the summer and from storage 
during winter. Later, a second 30-in. line 
will be laid directly from the storage 
area to Joliet, after which the line ex- 
tending from Herscher to the system of 
Texas Illinois will be used only to bring 
gas to storage. Finally, it is probable 
that a third 30-in. line will be laid di- 
rectly to Joliet. © 

The piping at the compressor station 
will be so arranged that the station can 
be used to pump gas into the wells or 
from storage to the lines extending to 
the market area. Initially, five 2000-hp 


compressors will be installed at this 
station, which will be patterned after 
those recently constructed on the Texas 
Illinois project. The design will be such 
that additional compressors can be 
added as the demands for storage in- 
crease. At the present time, it is ex- 
pected that the ultimate installed horse- 
power will be approximately 32,000. 
The storage wells will be completed 
with strings of 85-in. diam casing of 
adequate strength. Larger pipe will be 
set to protect fresh water horizons that 
may be present in the upper formations. 
All casing will be cemented from top to 
bottom by the circulating method so 
that fresh water sands and other porous 
zones above the storage zone will be pro- 
tected and that ample protection may be 
afforded the storage zone. The wells will 
be drilled by the rotary method to the 
top of the Galesville where casing will 
be set and cemented. Cable tools will be 
used to drill into the storage formation 
so that it will not be contaminated with 
the mud used in the rotary method. 
Although dry gas will be injected 
into the storage zone, the gas will be in 
contact with water in the reservoir and 
will become saturated, making necessary 
the construction of a dehydration plant 
to dry the gas when it is again produced. 
Water recovered in the dehydration 
process will be of low mineral content 
and its disposal will present no problem. 
Considerable study has been directed to 
the dehydration problem with the final 
conclusion that a dry desiccant plant 


will be installed on the discharge of the 
compressor station. 

The formation temperature is such 
that hydrates will not form while the 
gas is in storage, but it is anticipated 
that some may develop at times in the 
casing of the wells during periods of 
heavy production. This may be solved by 
lubricating alcohol into the wells or by 
opening the wells and blowing the hy- 
drate to the air. Such hydrates as may 
form in the gathering lines between the 
wells and the compressor station and 
dehydration plant can be controlled by 
line heaters and/or alcohol injection. 

It is also realized that compressor 
lubricating oil carried over with the gas 
will contaminate the face of the well 
bore. This problem is now being studied 
and, although not definite, it is probable 
that some type of highly efficient scrub- 
ber will be used. 

Some mention should probably be 
made of the safety of the project. It is 
believed that this type of underground 
storage is the safest type of gas storage 
that can be developed. Weight and im- 
permeability of the overlying caprocks 
are such that no gas can escape from 
the reservoir. Likewise, possible other 
leakage from the storage will be pre- 
vented by tightly cementing the casing 
throughout its entire length. 

To summarize, it can be stated that 
all economic studies and preliminary 
development work indicate that large 
volume storage in the Herscher Dome is 
both economical and practical. * * * 











Cinch standard equip- 
ment now offers an 
improved hydraulic 
system and new 
wedge-type pin-up 
slide for greater dura- 
bility and speed. If 
desired, even faster, 
easier maneuvering 
can be obtained with 
Athey tracks and hy- 
draulic lift tongue. 








7050 Long Drive— 
Houston 17, 
Texas 





CINCH 


Affords Faster, 
~ Smooth Bends 


Contractors swear by Cinch 
“Smooth Bend” Pipe Benders for 
dependability and uninterrupted 
service. Cinch Pipeline Equipment 
provides the most up-to-date 
equipment and expert mainte- 


PIPE BENDERS (FIN LINE-UP CLAMPS 


4 
Cor mt on = | 


PIPELINE EQUIPMENT, Inc. 
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PROVED IN 18 YEARS OF USE 





Regardless of size of leak, 
gasket to cover generously. 


just cut GRO-CORD 





Cut a piece of plate, ready-made half sole or sleeve 
to extend about 1” on both sides and ends of gasket. 





Fit plate over gasket so it extends beyond the GRO- 
CORD gasket on all sides. 





Clamp repair tight with a chain jack to shut off the 
leak. With clamps, hold plate in contact with pipe 
at all points. Weld all around and REMOVE 
CLAMPS. Clamps may be left until welding equip- 
ment is available. GRO-CORD gaskets have been 
in service as long as 5 years before final weld. 





) 


DALLAS MANUFACTURING & SALES COMPANY 


POST OFFICE BOX 7181 


Permanent welded repair after clamps removed. 
Specially shaped GRO-CORD gaskets are used by 
pipe line companies everywhere. Tested at 1600 Ibs. 
p.s.i., oil resistant cotton impregnated GRO-CORD 
gaskets last for years. 


Jobber Inquiries 
Invited! Write for 


DALLAS Folder OGJ 49 


GRO= SOR 


PIPE REPAIR GASKETS 


DALLAS 9, TEXAS 








THE PETROLEUM ENGINEER, Reference Annual, 1952 


D-55 





BETTER FOR PIPELINES 
- Because its Simpler! 


Federa/e™m 


(PULSE TIME MODULATION) 


Streamlined Circuitry and Fewer Tubes 
Provide Greater Economy and Dependability! 


SIMPLICITY... . that’s the basis for the greater efficiency, reliability and 
economy of maintenance of Federal Pulse Time Modulation Microwave .. . for 
radio relay systems of any size, type or length... over any terrain. 

Through simpler equipment—requiring fewer tubes—Federal PTM success- 
fully meets all needs of telephone, teleprinter, telemetering, remote and super- 
visory control, VHF mobile radio and other services... for complete, simultaneous, 
dependable, all-weather voice and signal facilities. 

Get the facts about Federal PTM’s system-wide superiority and proved per- 
formance . . . about Federal’s more than 20 years of experience. in microwave 
engineering, planning and installation. Write today to Dept. H-777. 


Federal PTM Delay Line eee” £ PERE are some of the Federal 
—/‘Heart of the System’*¥ |, | ik PTM multiplex elements that 
Remarkably compact and efficient... ow a « ° Por 
has no tubes. Maintains absolute syn- @ “3 Be re demonstrate the Simplicity of 


chronization between channels...pro- | Design that makes Microwave 
vides non-shifting channel selection .. by Federal — 


eliminates crosstalk. . 
) Simplest “Microwave at its BEST” 


in the 
Field! 


Federal 


Federal PTM Pulse Generator © - 2 PTM 

Supplies synchronizing pulse to delay line ; Federal PTM Pulse Restorer 
for simple, automatic channel synchroni- Modulator and Demodulator A valuable insurance factor in longer systems. 
zation, eliminating elaborate individual Outstanding for minimum-tube design Automatically cuts in and converts repeater 
channel tuning provisions. Uses fewer and interchangeability. Plug-connectedfor into temporary terminal if adjacent repeater 
tubes... greatly increases system depend- ready maintenance...greater economy in fails...maintains communication over fe- 
ability. stocking of spare parts. mainder of system. 


MICROWAVE MOVIE: Be sure to see Federal’s new 16 mm. | 
sound-color motion picture “Pipeline Communications With Microwave.” 
Prints shipped without charge for company personnel or organization 
showings. Write to: Film Distributing Dept. 


~ Federal Telephone and Radio Corporation 


Gait heie Wi cuntte? WIRE AND RADIO TRANSMISSION SYSTEMS DIVISION 


IT&T’s world-wide research and 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 


engineering organization. 
. _— In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y. 
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Unrorrunarey, pipe line dust of 
some kind and of some magnitude is 
found in pipe lines wherever gas flows. 
This is particularly true of natural gas 
where this gas is conveyed in absolutely 
a dry, and in most cases dehydrated, 
condition as compared with the old 
manufactured gas, which almost invari- 
ably left some liquid deposit in the pipe 
line. Dust is found in the long transmis- 
sion lines that bring the gas from the 
producing field in the Southwest to the 
many points at which it is used in the 
United States. Pipe line dust is found in 
distribution lines where these lines take 
over from the transmission lines, and is 
carried along with the gas right to the 
point of ultimate use—that is, the cus- 
tomer’s appliances. 

For many reasons this dust is very 
undesirable. In the case of the trans- 
mission lines where booster stations are 
necessary, the dust gets into the com- 
pressors, causing rapid wear of the 
cylinder wall, piston rings, and the 
packing. In passing through valves the 
erosive action of the dust causes rapid 
valve wear and, of course, to some de- 
gree it causes wear in all sharp turns of 
the line where the tendency of the gas is 
to continue in a straight line. In dis- 
tribution lines there is a problem of 
wear on regulating valves and the plug- 
ging of orifices. Of course, there is also 
the outages in customers’ appliances 
caused by the dust getting into the small 
orifices in these appliances. 

In order to study the ways of elimin- 
ating this dust so that it is no longer a 
nuisance, some of its properties must be 
considered. Some of the chemical con- 
stituents of the dust should be known in 
order to determine where the dust is 
coming from. Some distinction has to be 
made between old pipe lines and new 
pipe lines, and also between lines that 
at present carry natural gas although 
they were originally carrying manufac- 
tured gas. In new pipe lines, as might 
be expected, the dust is a combination of 
iron and iron oxide, silica, alumina, and 
other constituents of ordinary earth or 
soil. A typical analysis of this dust is 
shown in Table 1. This analysis indicates 

t the earth and dirt that have been 
put into the line during construction is 
avery large part of the total dirt or dust 
to be removed. When the line becomes 


__, 

*Presented before American Gas Association, 
Philadelphia, Pennsylvania, April 8, 1952. 

iThe Thermix Corporation. 


Evaluation of Gas Scrubbers”* 


Study of dust properties is first requisite to determining the type of 
equipment most suitable for its elimination under existing conditions 


PHILIP F. BEST? 


older and after more gas has flowed 
through it, then, as might be expected, 
the amount of silica and earth compon- 
ent drops sharply percentage-wise as 
compared to the iron and iron oxide. A 
typical chemical analysis of a pipe line 
in use for two years also is shown in 
Table 1. Here it can be seen clearly 
that by far the greater percentage of the 
dust remaining in the gas stream is from 
the gradual deterioration of the pipe it- 
self. In distribution lines while, of 
course, after a period of time there is 
dust similar to that shown under “Old 
Pipe Lines” in Table 1, there is for a 
time after the line is put in operation 
the dust caused by the gradual drying 
up of hydrocarbons that have been con- 
densed in the pipe line over a period of 
years when conveying manufactured 
gas. This is probably the chief contri- 
butor in outages of appliances. 

As might be expected from the fore- 
going paragraph on the origin of dust, 








TABLE 1. Chemical analysis of 
pipe line dust. 





New Old 

Pipe Lines Pipe Lines 

% by wt % by wt 
Combustible............. 21.00 17.29 
eee een 34.60 77.14 
Pe ericanictinkccneses 36.20 1.67 
pe errr 8.20 3.90 
100.00 100.00 








TABLE 2. Size analyses of three 
different samples of pipe 
line dust. 





Sample No. 1: 
Average Per cent in 
Particle size particle size gas stream 

+60 Microns 60.0 Microns 63.00 
+43 —60 Microns 51.5 Microns 17.00 
+30 —43 Microns 36.5 Microns 13.00 
+20 —30 Microns 25.0 Microns 6.00 
+15 —20 Microns 17.5 Microns .85 
+10 —15 Microns 12.5 Microns .14 
—10 Microns 5.0 Microns .01 

‘ Sample No. 2: 
+60 Microns 60.0 Microns 81.00 
—60 +40 Microns 50.0 Microns 11.20 
—40 +30 Microns 35.0 Microns 4.20 
—30 +20 Microns 25.0 Microns 2.60 
—20 +15 Microns 17.5 Microns 65 
—15 +10 Microns 12.5 Microns .29 
—10 Microns 5.0 Microns -06 

Sample No. 3: 
+60 Microns 60.0 Microns 58.00 
—60 +46 Microns 50.0 Microns 14.00 
—40 +30 Microns 35.0 Microns 8.50 
—30 +20 Microns 25.0 Microns 8.60 
—20 +15 Microns 17.5 Microns 4.20 
—15 +10 Microns 12.5 Microns 3.70 
—10 Microns 5.0 Microns 3.00 
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there is a great difference in the amount 
of dust carried by the gas from time to 
time. When the new line is first placed 
in service, all the construction. dust that 
is in the pipe line tries to purge itself, 
with the result that for the first week or 
two of operation abnormally large quan- 
tities of dust are caught, many times ex- 
ceeding the estimate of the operators of 
the line, and causing the scrubbers to 
fill up and become inoperative. 

After this construction dust has been 
mainly removed, then the amount of dust 
coming through is generally quite small. 
As a matter of fact, it might appear at 
low load there is no necessity of clean- 
ing the gas whatsoever because no dust 
is coming through the line. This would 
be a rather optimistic and hazardous de- 
cision to make, however, because during 
periods of low flow it is quite possible 
the dust is accumulating in certain spots 
in the line, merely awaiting the first day 
of high demand to be carried through 
the line to the various pieces of equip- 
ment along the pipe line. This, of course, 
also applies to distribution lines in all 
respects—that is, the quantity of dust 
may be vary high when the line is first 
started on natural gas and will, of 
course, be highest at all times when the 
drain on the line is the heaviest and 
when the velocity through the line is the 
highest. 

The size of the dust in pipe lines is 
very important because it indicates what 
sort of treatment must be used to remove 
adequately the various sizes of dust en- 
countered. Table 2 shows typical size 
analyses of dust from pipe lines that 
have been in operation for a period of 
time. Thus, it can be seen in no case is 
the dust particularly fine. The finest 
dust is much more pronounced when a 
new pipe line is put in operation and 
when it is construction dust that is be- 
ing caught. In this case there is very 
often as much as 10 per cent of the dust 
less than 10 microns in size, making the 
catching of it somewhat more difficult. 

Keeping in mind somewhat the vari- 
ous properties of the problem to be met, 
there are available three most generally 
used ways to collect the dust, only two 
of which apply on large transmission 
lines. On these lines there are available, 
first, the oil-bath type of cleaner wherein 
the dust is trapped by an oil spray, and 
the oil spray removed by a mist ex- 
tractor; and second, the dry or cen- 
trifugal type scrubber. This dry type of 
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EXPANSIBLE INTERNAL 
PIPELINE CLEANER 


Designed and Proven 
by Pipeline Men 





All sizes 6” to 30” 


UNLESS YOU ARE USING THE EXPANSIBLE 
CLEANING MACHINE, YOUR LINES ARE NOT 
BEING THOROUGHLY CLEANED. 


EXPANDS for constant pressure on all sides. 
Compensates for brush wear. 


FLEXIBLE to eliminate stoppage on bends, 
drops, etc. Can traverse 90° 14 radius tube 
turns. 


EFFICIENT cleaning pays off in increased gas 
volume. 


CLEANER PIPELINES CO. 


1900 Armour Road, North Kansas City 16, Missouri 














WILLIAMS BROTHERS 








scrubber passes the dust laden gas 
through a parallel arrangement of 
small, high-efficiency vortex collectors 
with the dust being collected in the bot- 
tom of the scrubber, and the clean gas 
passing out through the outlet at the top. 
In addition to the two types that are 
available for transmission lines, there 
is also available for distribution lines 
another type that is being used rather 
widely. This type is the filter. There are 
undoubtedly advantages in using each 


’ of the three types—that is, each of them 


has its own particular advantages. Were 
it possible to combine the good features 
of all three of these basic types without 
the disadvantages, an ideal gas cleaner 
would result. Unfortunately, as in count- 
less other applications, this is not pos- 
sible. The perfect gas cleaner would 
have the following qualifications: 

1. The cleaner would have high eff- 
ciency on all sizes of dust, both 
large and small. 

2. The cleaner would have high effi- 
ciency on all chemical types of 
dust. 

High efficiency would be attained 
at all gas loads. 

High efficiency would be attained 
at all dust loads. 

The unit would require no par- 
ticular care or maintenance. 

The unit would be small in size. 
The unit would be relatively low 
in cost. 

From the above requirements it can 
be seen that one of the basic types of 
cleaner can be selected to almost com- 
pletely satisfy any one of the above con- 
ditions; however, none of the three 
groups satisfy all conditions. We would 
prefer to discuss in more detail the 
performance of the dry, centrifugal type 
scrubber as related to the above points 
because it is this cleaner that we manu- 
facture and know something about.* 
The performance of the other types of 
cleaner can be much better covered by 
someone who has built and developed 
them. 

So far as efficiency on all sizes of dust 
is concerned, the dry type scrubber does 
have a relatively high efficiency on the 
smaller micron sizes of dust. It is also 
true, however, the finer the dust, the less 
efficient is the centrifugal cleaner. Nor- 
mally, the size of dust encountered in 
pipe lines, as shown in the earlier part 
of this discussion, is such that a high 
efficiency is developed by the dry type 
unit because of the fact the size of the 
dust is such that it lends itself to this 
high efficiency. For instance, in the first 
part of this article we cited three differ- 
ent samples of dust, all of which are 
typical of pipe lines. The coarsest dust 
shown in the samples has only 0.01 per 
cent less than 10 microns in size, whereas 
the finest dust has only 30 per cent less 
than 10 microns in size. The efficiency 
range of the dry type scrubber is from 
99.94 per cent on the coarsest dust to 
99.13 per cent on the finest dust. There 
are cases, however, where new lines have 
not been properly purged before the 
cleaner is installed, where the dust is 
quite fine. We have found in one par- 
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*Aerotec scrubber. 
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ticular case a dust that contained al)>ut 
16 per cent less than 10 microns in s ze, 
and on this dust the efficiency of the ‘ry 
type scrubber would be slightly beter 
than 96 per cent. Here it should be 
borne in mind that the only dust es:ap. 
ing would be in the nature of 0 ‘o 5 
microns in size. 

With the dry type scrubber the eff. 
ciency of collection is based on particles 
of greatest density. Most pipe line dust 
consists primarily of silica, iron oxide, 
and iron, all of which are relatively 
heavy and, therefore, are collected with 
good efficiency. The one exception to 
this is probably the dust that is gener- 
ated by gradual dehydration of pre- 
viously deposited hydrocarbons when 
natural gas is run through an old manu- 
factured gas line. The dust in this case 
is quite fluffy, and becomes increasingly 
difficult to collect. 

Regarding relationship between effi- 
ciency and gas load, the dry type scrub- 


.ber on a typical pipe line dust would 


vary in efficiency from about 99.9 per 
cent at 40 actual cfm per tube to 98.5 
per cent at 5 actual cfm per tube. This 
figure of actual cfm per tube is the cfm 
of gas corrected for pressure and tem- 
perature at the operating condition, and 
is the only common denominator that 
can be used as a reference point for effi- 
ciency for all pressures. It is generally 
well to size these units, if possible, for 
a certain minimum flow, and allow the 
volume to go where it will at the maxi- 
mum flow. This, of course, is somewhat 
dependent on the permissible pressure 
drop through the unit as the pressure 
drop varies as the square of the volume. 
Another advantage of high efficiency at 
high loads and lower efficiency at lower 
loads is, of course, that the bulk of the 
dust is carried over when the velocity 
through the pipe line is highest, and 
therefore when the volume of gas 
through the cleaner is highest. When 
the load falls off, dust is not conveyed to 
anywhere near as great an extent as it 
is at high loads. Therefore, the protec- 
tion is not generally as necessary as it 
is at high loads. A definite advantage, 
of course, is that these units are not sub- 
ject to overloading, with the efficiency 
remaining constant up to the design 
point for the physical strength of the 
internal parts, which is about 20 psi. 

Regarding relationship of efficiency 
with dust loads, the dry type scrubber 
is well adapted in this regard. Ordinar- 
ily the dust loading of pipe lines is very 
low. When the pipe line is first con- 
structed, however, there may be a con- 
siderable load for a short time after the 
line is put in operation. Normally the 
load is in the nature of hundredths of 
a grain per cubic foot; however, in a 
new line this may be as high as 20 grains 
per cubic foot temporarily. 

The very construction of the dry type 
cleaner makes it practically self-oper- 
ating. There are no moving parts, nor 
are there any fluids, nor any pressure 
buildup characteristics. The only atten- 
tion required is to see the dust is evacu- 
ated from the unit at frequent enough 
intervals to prevent the unit from over- 
flowing with dust. As no fluid is te 
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quired, there is no pumping equipment 
or settling tanks required. 

As contrasted with other types of 
cleaning, the dry type cleaning is ac- 
complished at relatively high velocity. 
Again, there is no danger of carrying 
over fluids used for cleaning, and there 
is no pressure buildup characteristic. 
With this in mind, there is practically 
no limit to the velocity at which the 
cleaning can be done. In general the 
only consideration here is abrasion be- 
cause the wear on internal parts would 
perhaps be excessive if the unit were op- 
erated for sustained periods of time at 
too high velocity. 

With small size the cost of the con- 
struction of the pressure vessel to house 
the internal parts of the dry type scrub- 
ber is low. Generally the cost of this 
shell, or casing, is a considerable por- 
tion of the cost of the whole unit. There- 


Gas pipe lines are designed and en- 
gineered for safety. Special high alloy 
steels, rigid inspection and X-ray control 
at the factory and in the field assure flaw- 
less pipe products. Each length of pipe is 
subjected to terrific hydrostatic pressure at 
the mill, which increases its strength while 
improving its circular shape. 


ww & 


fore, from the cost standpoint, the dry 
type scrubber is certainly favorable with 
any other type. 

In summation, undoubtedly, the type 
of need for gas cleaning must be studied 
in selecting any gas cleaner to be used. 
For some purposes one of the three types 
is best suited. It would be well for any- 
one considering any one of these gas 
cleaners to consult with representatives 
of reputable manufacturers who can be 
very helpful in guiding them to the 
proper selection. **e* 





Solution of problems in pipe line 
network installation and operation is 
facilitated through use of the new 
Mellroy pipe line network analyzer 
by engineers at Midwest Research 
Institute in Kansas City. One of only 
three such devices in the country, the 
analyzer employs a unique arrange- 
ment whereby electrical current sim- 
ulates actual pipe line flow. 

_ The left-hand panel of the analyzer 
is designed to represent a large va- 
tiety of network layouts, comprising 
as many as 104 pipe lines. Special 
bulbs, called Fluistors, are installed 
cn the reverse side of this panel and 
tie brightness of tungsten filaments 
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New pipe line analyzer in Midwest Research Institute, Kansas City. 


Analyzer Aids Line Operation 
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inside the bulbs indicates which pipe 
lines are operating with the largest 
pressure losses. 

Master instruments in the center 
panel indicate directly in fluid units 
the flow rate in any pipe line and the 
pressure drop from friction between 
any pair of pipe line junctions. This 
panel carries the controls that dupli- 
cate sources of supply, such as pump- 
ing stations and reservoirs. 

The right-hand panel contains 
equipment to simulate 43 loads that 
may have any desired flow rates, and 
may be connected to any of the net- 
work terminals which represent pipe 
line junctions. 
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SUPERIOR BELT SLING 


Patented 

Our Belt-Sling has proved far superior in 
Strength and dutability to any other belt on 
the market. 

The load is carried by a center layer of wire 
rope, cushioned by rubber covered belting; they 
definitely will not mar a coated pipe. One man 
can easil¥ hook up our Belt in a matter of 
seconds as there is no heavy bolt to fight. 


For full information phone, wire or write 


Vic Knudsen Rigging Co. 


134 Sacramento St., San Francisco 4 — Sutter 1-1362 








= MURPHY 
Safety Switches on all 
your oil field engines. 
These switches shut 
down engine AUTO- 
MATICALLY when oil 
pressure gets low or 
water temperature gets 
too hot. Thousands of 
_ the switches now in use. 


SOLD BY ENGINE DEALERS 
and SUPPLY HOUSES 


FRANK W. MURPHY 


. y Vanisfac MLC % 


BOX 1476 TULSA, OKLA. 













,, Use Buckeye. Ditch 
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Shy IRRIGATION DITCHES AND GENERAL DITCHING 
bie omen pa 
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Gar Wood construction equipment includes 12 new TipDozers ! » 
° e 
and Dozecasters, both hydraulic and cable controlled, for use 
with all models of Allis-Chalmers tractors . . . Big, tractor-drawn | the 
A : att 
scrapers work smoothly and efficiently on both large and small | the 
earthmoving jobs . . . The new “75” series, 3/4, yd. Gar Wood * 
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GAR WOOD INDUSTRIES, INC. 
FINDLAY DIVISION © EXECUTIVE OFFICES © WAYNE, MICHIGAN sign 
Construction Equipment: Excavators, Scrapers, Dozers, Ditchers, Spreaders, ; . 
Finegraders, Truck-mounted Road Graders. Truck Equipment: Dump Truck Bodies S Com 


& Hoists, Winches & Cranes, Refuse Collection Bodies, Elevating End Gates. 
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Electrical Equipment for Hazardous Areas 


P 615.2 


Revision of National Electrical Code, as it applies to petroleum 


industry, and standardization of equipment are seen as vital needs 


I all electrical work it is necessary to 
protect life and property against elec- 
trical currents, and there is a large 
variety of equipment and apparatus 
used for this purpose. There are many 
regulations and codes that apply to the 
manufacture and installation of such 
equipment, such as the Board of Fire 
Underwriter’s National Electrical Code. 
They have been instituted to protect 
people from being injured by high volt- 
age currents, to protect buildings from 
fire, and electrical equipment and ma- 
chinery from serious damage. 

In preparing this paper an attempt 
has been made to describe or try to ex- 
plain Article 500 of the National Elec- 
trical Code, which deals with the speci- 
fication and application of special elec- 
trical equipment for hazardous areas. 

No effort has been made to describe 
this equipment or to name what type of 
condulet, motor starter, etc., should be 
used for any particular job. 

Any number of excellent articles and 
papers have been prepared describing 
such equipment and its installation 
methods and are readily available for 
anyone requiring such information. 

As you know, in building a plant or 
pumping station today it is not just a 
matter of throwing together a number of 
pumps, motors, valves, and pipe, cover- 
ing them with a tin building and calling 
it a job, as sometimes has been done in 
the past. 

Instead managements are asking for 
smaller and more modernized buildings, 
for stations with a modern look, for 
more automatic safety devices and con- 
trols, so that less operating personnel is 
required, and that construction costs be 

eld to a minimum. 

As a user of electrical equipment in 
the petroleum industry, I have made an 
attempt to present and discuss some of 
the problems that confront the design 
engineer today. 

Such as, is specially designed elec- 


trical equipment necessary for hazard- 
0Us areas? 


—_—_— 


tha pesented before the annual conference of 
Tals < oleum Industry Electrical Association, 
full titi, ahoma, April 14-17, 1952, under the 
signed e “The Application of Equipment De- 
In deg Hazardous Areas in the Petroleum 


*Chief electri i inclair Pi i 
Company, ical engineer, Sinclair Pipe Line 
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Who should be responsible for the ap- 
plication of such equipment? 

Is specially designed electrical equip- 
ment, such as so-called explosion-proof 
and explosion-resisting, practical and 
can its use be economically justified? 

What’s wrong with the present Na- 
tional Electrical Code? 

Every installation of electrical equip- 
ment today must conform to the Fire 
Underwriters rules. In addition, these 
installations must be provided with a 
large variety of protective devices for 
the purpose of insuring continuity of 
service and for the general protection 
and efficiency of the installation and 
those employed in its operation and 
maintenance. 

These various devices may be divided 


“as follows: 


1. Those limiting the flow of current. 

2. Those limiting the voltage. 

3. Those limiting the danger ‘of ex- 
plosions or fires in areas made 
hazardous by contamination of 
vapors, explosive mixtures, dust or 
ignitable fibers. 

It is this last division that we are par- 
ticularly interested in for this discus- 
sion. 

Specially designed equipment for 
hazardous locations is not a recent de- 
velopment. In 1922, committees were 
formed to determine how to prevent fires 
caused by dust and gas explosions. A 
definite code was formed and adopted 
for the manufacturing of equipment by 
1926. It was seven years later, in 1933, 
that an approved set of regulations was 
included in the National Electrical 
Code. Since then many improvements 
have been made and the use of explo- 
sion-proof equipment for hazardous lo- 
cations has received world-wide atten- 
tion. Probably the chief contribution of 
the 1933 committee was the thorough 
classification of the various hazardous 
industries. Four divisions or classifica- 
tions were made and each division fur- 
ther classified into groups. No attempt, 
at this time, will be made to discuss 
these classifications or groups. It is 
presumed that you understand the Na- 
tional Electrical Code and are familiar 
with the classifications of environment 
made hazardous in the presence of elec- 
tricity. 
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It can be said that Class 1 is the most 
important as it covers the greater por- 
tion of the hazardous field today. It in- 
cludes highly flammable mixtures, vola- 
tile liquids, flammable substances and 
vapors, etc. This particular class is the 
one with which we of the petroleum in- 
dustry are most concerned. 

The National Electrical Code is very 
specific and thorough as to what an 
hazardous area consists of and what 
kind of equipment should be used in it, 
but it doesn’t give qualifications, or 
make it mandatory as to who should de- 
termine the hazardous areas and their 
degree of class or group. 

Probably no industry has contributed 
as much or been more responsible for 
the development of special equipment 
for hazardous locations than the petro- 
leum industry, except perhaps the grain 
industry. Likewise, in no other industry 
will be seen the haphazard application 
of this special equipment as in the petro- 
leum industry. 

Walk through the average pipe line 
station, gasoline plant, bulk station, or 
refinery, and the following can be seen: 
Vapor-proof lighting fixtures where they 
should be explosion - proof; ordinary 
type of condulets in a hazardous area 
along with explosion-proof type; open 
type starters and breakers mounted on 
the same rack or in the same room or 
area with approved type of equipment; 
open type time clocks, relays, and con- 
trol stations controlling approved equip- 
ment in hazardous areas; no approved 
seals used, or if used, in wrong location: 
ordinary type of communication and 
signaling equipment used in hazardous 
areas, and many other misapplications. 

I know of one plant, pumping butane 
and propane products, where special 
care was taken to see that all equipment 
was explosion-proof and properly in- 
stalled. It was a 100 per cent installa- 
tion. Later on it was decided that more 
lighting was required, so the chief en- 
gineer had open-type fluorescent light- 
ing fixtures installed over the pumps in- 
side the building. Investigation showed 
that a salesman, “God Bless his Soul”, 
had convinced this chief engineer as well 
as the purchasing agent, that this type of 
fixture was approved for hazardous 
areas and so had them installed without 
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consulting the electrical engineer. Here 
$75,000 had been invested to insure a 
safe installation for property and per- 
sonnel, then along comes one who is not 
qualified to make a decision and spends 
$120 to undo it all. What kind of think- 
ing it this? Who should be responsible? 
The electrical engineer, process en- 
gineer, mechanical engineer, manage- 
ment, superintendent, or some cost- con- 
scious purchasing agent, who decides, 
for some reason or other, that too much 
money is being spent on a particular 
job? The answer is this: It requires 
careful inspection work to determine the 
degree and extent of a hazardous area, 
and it is impossible for a group to set 
forth any definite and concise rules 
that will cover all situations. Conse- 
quently, the responsibility for classify- 
ing the hazard must rest upon the judg- 
ment of an individual who is qualified 
and experienced in this type of work. 

It can be seen at once that the in- 
dividual most likely to meet these re- 
quirements would be the electrical en- 
gineer with his special training in the 
characteristics of electricity, his working 
knowledge of the code and its applica- 
tion, and his experience in design, lay- 
out, and selection of equipment. 

Nevertheless, whoever has this re- 
sponsibility has no easy job. It is not too 
difficult for him to make a decision re- 
garding what is hazardous or its degree, 
nor is it too difficult for him to ascertain 
what special equipment will be required, 
but when he consults the manufacturers 
catalog to make a selection, and is con- 
fronted with the conglomeration of 
equipment before him, he is somewhat 
confused, if not dazed. 

As a rule the electrical engineer has 
just so much space alloted to him in 
which to place the electrical equipment 











































and it is almost impossible to fit in the 
monstrous cast-iron boxes, starters, con- 
dulets, and switches, offered to him. 
Even if he succeeds in doing so it is an 
even bet that the management will dis- 
approve of his arrangements, if not for 
economical reasons they will for ap- 
pearance, as a large part of such equip- 
ment on the market today is of such de- 
sign and appearance that it will not fit 
in with any pleasing overall design 
picture. 

The manufacturer cannot be blamed 
for all of this for he has to meet the 
specifications of the Fire Underwriters 
in order to obtain their approval for his 
equipment. It is felt by many experi- 
enced engineers that the Fire Under- 
writers have gone to the extreme in set- 
ting up their specifications on pressure 
limits, amount of clearance and surface 
required for flame and gas cooling, 
safety factors, etc., and that they have 
made little or no effort to consider the 
problems of the consumer who is forced 
to use such equipment. Likewise, the 
manufacturer in meeting these specifica- 
tions has made very little effort to design 
such equipment to help meet the prob- 
lems and requirements of the consumer, 
he has only been interested in obtaining 
the approval of the Fire Underwriters. 

The manufacturers have not been too 
concerned about designing their equip- 
ment as to standard physical dimensions 
for respective capacity ratings. This 
alone is a major problem to the design 
engineer because he will make up his 
construction drawings for one make of 
equipment and end up with a substitu- 
tion having entirely different physical 
dimensions. This situation has recently 
been improved somewhat by the Na- 
tional Electrical Manufacturing Associa- 
tion but there i is still a lot of work to be 
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done to standardize electrical equip: ent 
for hazardous locations. 

It has been felt for some time thz: the 
National Electrical Code, especially 
Article 500 dealing with hazardous ‘oca. 
tions, has dire need of revision. 

The code, as it stands today, : 


‘clear and mandatory enough for most 


cases; too much is left to the interpreta. 
tion of the local inspector, who, i: most 
cases, is someone appointed by local 
politicians and not qualified for the job. 
The petroleum industry should keep this 
before the attention of the Internztional 
Association of Electrical Inspectors and 
similar organizations until the problem 
is solved and the code means the same 
in Texas as it does in New York. 

The answer would be to revise the 
National Electrical Code, both with re. 
spect to manufacturing specifications 
and to the application of such equip- 
ment for hazardous areas. This revision 
should be based upon the experience of 
the petroleum industry for the last 10 
or 12 years. 

Equipment for hazardous areas 
should be and can be designed more 
flexible, neater appearing, and less ex- 
pensive. It can be done through the close 
cooperation of the petroleum industry, 
electrical equipment manufacturer, and 
the authorities of the National Electrical 
Code. Such close cooperation would 
bring together and simplify the prob- 
lems involved and further the stand- 
ardization of electrical equipment for 
hazardous areas in design and applica- 
tion to the petroleum industry. 

There is no doubt that if this stand- 
ardization of equipment, and a less 
complicated and more mandatory elec- 
trical code, for its application, could be 
achieved, that.a greater percentage of 
special electrical equipment for haz- 
ardous areas would be used by the petro- 
leum industry. This would mean safer 
and better operating conditions for 
personnel, better profits for the elec- 
trical equipment manufacturers, Jess 
trouble for the authorities enforcing the 
National Electrical Code, and less con- 
fusion and headaches for the design en- 
gineer. xkk 





Product Storage Facilities 


New product storage facilities 
with a capacity totalling 856,000 
bbl of petroleum products are now 
nearing completion at three Cities 
Service Oil Company locations. 
This includes 435,000 bbl of ad- 
ditional product storage at Linden, 
New Jersey, 96,000 bbl at Petty’s 
Island, New Jersey, and 325,000 
bbl at Lake Charles, Louisiana. 

In addition to these projects, 
four additional 130,000 bb! tanks 
are planned for Linden, two 130,- 
000-bbI tanks at Petty’s Island, and 
four 150,000 bbl tanks at Lake 
Charles. When competed, these fa- 
cilities will increase the company's 
storage facilities by another 1,- 


380,000 bbl. 
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Expansion of the many pipe line com- 
panies from small concerns into vast 
crude oil transportation systems, has 
brought about many changes in commu- 
nications. Transportation and communi- 
cation are closely allied. The need of 
the one for the other has been so inter- 
woven in the progress of each that it is 
dificult today to determine the begin- 
ning or the end of their service to each 
other. Progress in oil company commu- 
nication has been rapid since the day 
.of the one wire telegraph system. 

Twenty years or more ago most all 
pipe line pump stations had at least two 
telegraph operators and in some cases 
three. These telegraph operators were 
wed primarily for the purpose of dis- 
patching of the hourly check of oil 
pumped and received and to transmit or 
receive any telegrams pertaining to the 
movement of crude oil. The oil telegraph 
service utilizing interruptions of d-c cur- 
rent still has some few things to be said 
in its favor. It can be used over long 
distances with very little equipment. It 
provides a written record and has.a very 
subtle way of bringing important mat- 
ers to the attention of gfficials without 
interrupting a conference. Such is not 
the case with a telephone conversation, 
because usually important negotiations 
must be confirmed by mail or telegram 
'o complete the records. - 

Many oil companies are using tele- 
\ype to supplant or work in conjunction 
with their present telegraph and tele- 
phone systems. The circuit or circuits 
upon which these printers are operated 
is derived from the simplex or morse leg 
and may be used at almost any location 
where power service is available. 

The advantage of teletype over man- 
wal telegraph service is the high speed 
of operation that can be consistently 
maintained and that the receiving sta- 
ton need not be attended in order to 
tecelve 2 message. The use of a tape 
berforator for automatic sending greatly 
extends the usefulness and efficiency of 
teletype service. 

_ {for any reason a telegraph circuit 
Snot used for written communication, 
the simplex leg may be used for other 


_—_—_—— 
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1d , Association, Tulsa, Oklahoma, April 
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Onpany Owned Wire Line Facilities.” 
tvicc Pipe Line Company. 
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Utilization of Wire Line Facilities: 


Applications that will give private owners 
greater usage of their existing equipment 


H. L. WHEELER* 


purposes. For instance, an unattended 
gathering system served by a telephone 
network may utilize the morse leg as a 
shut down indicator by using a coded 
alarm mechanism. The dispatcher at a 
central point may readily observe which 
station is down and at what time failure 
occurred. Also, in case of a pipe line 
break, he may start or stop a station at 
will by using polarized battery through 
copper oxide or similar dry disk recti- 
fiers. This type of service is being used 
on one spur of our system. 

The physical telephone circuit can be 
used successfully without repeaters for 
a limited distance but is still a flexible 
means of pipe line communications. In 
case of trouble the line may be split and 
the good sections may be utilized each 
way from the trouble and in case of a 
short or one side of the line open, tele- 
graph or teletype communication may 
still be satisfactory. A spur or branch 
line may be quickly and economically 
established at any point or a pipe line 
repair crew can usually, by means of a 
jointed line pole, connect their portable 
telephone at the location of a pipe line 
break and be in constant contact with 
their headquarters. 

When a physical circuit is to be util- 
ized for any great distance, the insertion 
of voice repeaters is necessary at regular 
intervals in order to maintain transmis- 
sion at a satisfactory level. In oil field 
and pipe line systems having frequent 
way stations and spur lines, many 
impedance - irregularities are encoun- 
tered; therefore, it is usually necessary 
to operate a repeater at a relatively low 
gain in order to insure stable opera- 
tion. Where these conditions exist, most 
oil companies generally utilize other 
facilities for long haul communications 
and permit the physical to be used for 
point to point communications. Where 
many pump stations are connected on 
one telephone circuit, it is advantageous 
to call only the desired station. It has 
been found that where employees are 
required to stop their work to listen for 
a code ring they frequently ignore all 
rings. This may be overcome by selec- 
tors that give a continuous ring with 
an answer-back signal; that is, the call- 
ing party receives a tone or code to 
know the called party is receiving a sig- 
nal. There are several types available: 
(1) Those responding to 20 cycles and 
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using a long and short ring combina- 
tion to actuate a selector. The primary 
advantage of this type is that linemen 
or repair crews anywhere along the line 
may bridge on and select the desired 
person or place. (2) Another method is 
the tuned frequency type, usually a vi- 
brating reed that operates at only the 
desired frequency. Selectors are being 
used for splitting a telephone line at 
some remote point for test purposes, 
which often saves time and expenses in 
clearing trouble. They may be also used 
for remotely connecting or disconnect- 
ing a spur line for extended or special 
services. Furthermore, by the aid of a 
selector and a tone keying device, a divi- 
sion point (or,any point so equipped) 
may select any base radio station along 
their physical telephone line and key 
the selected transmitter (with a special 
push to talk handset) and communicate 
directly with any mobile unit within 
range of the selected base station. 

In some instances where a physical 
line has many way stations along its 
route, a satisfactory level of transmis- 
sion may be realized, yet ringing is dif- 
ficult or impossible because all ringers 
must remain across the line in order to 
be signalled. A very sensitive relay may 
be employed to operate a howler or 
other signaling device. The Service Pipe 
Line Company has developed a sensitive 
vacuum tube relay to receive 20-cycle 
ringing signals, which are too attenuated 
to actuate the conventional ringer. These 
relays have given highly satisfactory 
service in many installations throughout 
our system over a period of several 
years. Due to the high impedance char- 
acteristics of these units, as many as 
desired may be bridged across a tele- 
phone line without materially affecting 
its impedance regularity. Therefore, the 
utility of a heavily bridged physical 
telephone line may be greatly extended 
by the use of these relays. 

During the last few years the require- 
ments for additional circuits for com- 
munications have shown a phenomenal! 
growth. This is true both for companies 
supplying public communications and 
for companies requiring circuits for the 
efficient operation of their own business. 
The latter category includes pipe lines. 
railroads, utilities, etc. In fact, the 
growth of transportation, regardless of 
its nature, nearly always demands 4 
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growth in communications facilities. In 
order to derive additional facilities from 
an existing pair of wires, whether they 
are open wire or cable, the use of car- 
rier telephone has become well known 
and widely used throughout the pri- 
vately owned communication field. 
These circuits operate above the usual 
voice frequency range, or above 4 kc. 
They are not heard at intermediate 
points; therefore, the circuits are en- 
tirely free from eavesdropping between 
terminals, making it possible to have 
private telephone service between head- 
quarters and division offices, if so de- 
sired. Most present day carrier systems 
are extremely flexible. A wide choice of 
multi-channel carrier telephone systems 
is available from various manufacturers 
that are time tested package units re- 
quiring only a few days to place in serv- 
ice. These present day systems suffer 
very little from obsolescence. Carrier 
systems may be obtained as single chan- 
nel or multiple channel systems. Cer- 
tain single channel systems are so ar- 
ranged that additional channels may be 
added on a unit basis as traffic density 
demands. The carrier terminals of this 
system may be terminated or dropped 
off at any point desired to meet ever- 
changing operating conditions. Also, by 
the aid of amplifiers or repeaters at re- 
quired intervals, carrier circuits may be 
made to operate between most any 
points in the system with very little or 
no transmission loss. Long haul carrier 
systems should be equipped with auto- 
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matic regulation if maximum perform- 
ance is desired, however, especially so if 
teletype or facsimile is to be used. Most 
of these systems (usually 3-channels) 
operate in the frequency spectrum be- 
tween 5 and 30 kc. In general the fre- 
quency assignments on which these op- 
erate have been selected to permit co- 
ordination between various types. The 
recognized frequency assignment in- 
volves the space from approximately 6 
to 17 ke from east to west, and 17 to 
32 ke west to east. 

In many cases due to rapid develop- 
ment of a specific area, additional com- 
munications facilities are required. With 
all available pairs already equipped 
with 3-channel carrier systems, the sit- 
uation either demands that more lines 
be constructed or that carrier systems 
working at frequencies above 30 ke be 
employed. Fortunately it is not usually 
necessary to construct additional lines 
or retranspose in order to obtain a few 
extra channels in the spectrum above 30 
kc. The most important factor to be 
considered is that the higher fre- 
quencies suffer greater attenuation and 
impedance mismatches that might be 
ignored up to 30 kc, may cause signifi- 
cant peaks and dips in the line attenua- 
tion curve at higher frequencies. Usual- 
ly these problems may be minimized by 
the judicious use of junction filters and 
cable matching transformers. Many dif- 
ferent types of high frequency carrier 
systems are available from various 
manufacturers ranging from 3 to 12 
channels, making it possible to obtain a 
maximum of 16 channels of voice com- 
munications including the physical, and 
as many as 46 telegraph or teletype 
circuits from one existing pair of wires. 
Or another standard 3 channel 6 to 30- 
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One of the world’s highest pipe 
lines is a natural gas line running 
from Salt Lake City to Coalville, 
Utah, in the Rocky Mountain area. 
The line starts from an elevation of 
4500 ft and climbs to a height of 
8000 ft, then winds down the moun- 
tain to Coalville at an elevation of 
5500 ft. 
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ke system may be group modulated (or 
translated) and stacked above the 
present system, in the following man. 
ner: the three east to west low fre. 
quency channels are hetrodyned si 30 
ke, thus shifting the normal 6 to 17 ke 
east to west transmission to the 26 to 
47 ke band while the high frequencies 
are raised 35 kc, shifting the normal 17 
to 30 kc west to east transmission chan- 
nels to the 52 to 65 kc band. 

Both telephone and carrier circuits 
provide all the tools necessary for fac- 
simile, telemetering, or supervisory con- 
trol of pipe line stations and systems to 
almost any desired degree. Such con- 
trols used on closed crude batching sys- 
tems along with electric motor opera- 
tion and electrically operated valves 
may become a major factor in modern 
pipelining, through savings realized with 
improved system operation, simplifica- 
tion of operators’ duties, and quicker 
adjustment for a change in conditions. 

In order to realize maximum usage of 
a carrier system, as many as three tele- 
graph or teleprinter circuits may be 
taken from any or all carrier channels 
without seriously impairing intelligibil- 
ity. Adequate and efficient communica- 
tion service is as essential for success- 
ful pipelining as is good pumping equip- 
ment, good working conditions, and 
good personnel. It depends not only 
upon good initial construction and 
equipment but also upon the adequate 
maintenance of these facilities to the 
highest practical standard. Probably the 
telephone and telegraph department is 
the poorest advertiser or “Blows its own 
horn” less than any department of a 
pipe line system. The service supplied 
is usually taken for granted by the users 
and very few of them have any concep- 
tion whatever of what lies behind the 
scenes, and of the complex apparatus 
and equipment necessary in the opera- 
tion of an efficient communication sys- 
tem. It is only when it fails that its 
value is fully recognized. 

As a closing statement we offer a 
salute to the past and present communi- 
cation systems of the oil industry. As 
for a projection into the future, the de- 
mands of oil transportation will no 
doubt be the deciding factor. * * * 
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The above pipe line installation is 

one of three stations on a major 
company line, each pump designed to handle 
128,000 barrels of oil a day. This is typical of hun- 
dreds of pipe line stations now powered by LOW 
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Legal Problems in Connection With 


Percentage Depletion’ 


As everyone knows, most, if not all, 
legal problems have a way of showing 
up, sooner or later, in a court for final 
adjudication. Under our judicial system 


most of the body of our law is repre- . 


sented by what the judges have said the 
law is—that is to say, what the courts 
believed Congress said when it legislated 
or what the courts believed Congress 
meant or intended to say when it legis- 
lated. 

As my subject is legal problems in 
connection with percentage depletion, I 
have taken it to call for a discussion of 
those problems as they have been 
framed in judicial proceedings and deci- 
sions. I should like to review here some, 
if not all of the landmark decisions on 
the subject by our court of last resort, 
the Supreme Court of the United States. 
I shall discuss these decisions in the 
order in which they arose under the suc- 
cessive taxing statutes rather than in the 
order in which they were decided by the 
court. By tying the decisions to the stat- 
utes I believe we will have a better idea 
of how they influenced the course of 
subsequent legislation as well as subse- 
quent judicial interpretation. In order 
to reach an understanding of percentage 
depletion it is necessary that we 
acquaint ourselves with the whole sub- 
ject of depletion. After all, percentage 
depletion is the outgrowth of previous 
legislative and judicial attempts to solve 
the problem by other methods of com- 
puting the deduction. 

Looking back, it seems to me that we 
can say that the courts have been called 
upon to decide depletion cases because 
of the existence of one or more of the 
following general legal problems: 

1. Who is entitled to the deduction? 
2. How much may be deducted? 
3. What is the effect of the deduction? 

Two depletion cases arose under the 
Corporation Excise Tax Act of 1909. In 
Strattons Independence vs. Howbert,! 
the Court held that the proceeds from 
mining constituted income within the 
meaning of the Act and did not repre- 
sent a conversion of capital from one 
form to another. In that case the Court 
broadly hinted, but expressly refused to 
decide, that exhaustion of natural re- 
sources might be claimed as a deduction 


*Presented at the University of Kansas City 
School of Law, Symposium, May 16, 1952. 
*Attorney, Phillips Petroleum Company. 
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under the heading of depreciation. In 
Sargent Land. Company vs. Von Baum- 
back,? however, the Court held that the 
commonly accepted meaning of the term 


- “depreciation” was not sufficiently broad 


to connote the exhaustion or depletion 
of natural resources and that, since the 
statute made no provision for such a 
deduction, none was allowable. Thus it 
was that the court solved the problems 
of “who is entitled to the deduction” 
by holding that, in the absence of an 
express statute, no one is entitled to 
claim a depletion deduction. 

The Tariff Act of 1913, the first in- 
come tax statute under the 16th Amend- 
ment, permitted a deduction for deple- 
tion, but limited is so that it could not 
exceed 5 per cent of the value of the 
output of the mine for the year. The 
broad question of what is the effect of 
the allowance was involved in two deci- 
sions, which arose as a result of this 
Act. The first case was U. S. v. Ludey,* 
which involved an outright sale of oil 
properties in 1917. The Commissioner 
determined a profit on the sale by de- 
ducting from the cost of the property 
the full depletion sustained from 1913 
to the date of the sale even though the 
statute had not permitted a deduction 
equal to the sustained depletion. The 
taxpayer determined a loss by deduct- 
ing the selling price from the original 
cost without any adjustment for deple- 
tion, or in any event not more than he 
had claimed in his returns. The Su- 
preme Court held both methods to be 
wrong and that a proper computation 
contemplated the reduction of the cost 
by the amount of the depletion which 
had been allowed by law, namely, the 
5 per cent specified in the statute. 

The second case was Stanton vs. Bal- 
tic Mining Company.‘ In that case the 
court held that the fact that the deduc- 
tion was not adequate to cover the cur- 
rent exhaustion of the ore body did not 
have the effect of converting the tax 
from one upon income into one upon 
property. 

The broad question of who is entitled 
to the allowance arose under the Rev- 
enue Act of 1916 and its companion Act 
of 1917 in the case of Lynch vs. Al- 
worth-Stephens Company.° In that case 
the taxpayer was a lessee of iron mines 
in Minnesota. It sub-leased the mines 
for an overriding royalty. The govern- 


ment contended that the taxpayer (re- 
spondent) was not the owner of the ore 
in place but was a mere licensee and 
hence was suffering no depletion or ex- 
haustion by reason of the removal of the 
ore. In denying the government’s con- 
tentions, the Court said in part: 


“While respondent does not own 
the ore deposits, its right to mine 
and remove the ore and reduce it to 
possession and ownership is prop- 
erty within the meaning of the gen- 
eral provision. Obviously, as the 
process goes on, this property in- 
terest of the lessee in the mines is 
lessened from year to year, as the 
owner’s property interest in the 
same mines is likewise lessened. 
There is an exhaustion of property 
in the one case as in the other.” 


The outstanding case that arose under 
the 1918 Act involved primarily the 
question of “What is the effect of the 
allowance.” This was the case of Murphy 
Oil Company vs. Burnet.® In that case 
the taxpayer had acquired mineral prop- 
erties which had a high cost or basic 
date value. It executed a lease on the 
property for a 4 royalty and a bonus of 
approximately Five Million Dollars. It 
did not report the bonus as income in 
the year of its receipt and the Commis- 
sioner assessed no tax. In computing 
the cost depletion allowance on the tax- 
payer’s royalty income in subsequent 
years, the Commissioner reduced the 
cost or value (capital base) by the full 
amount of the bonus previously received, 
thereby substantially reducing the de- 
pletion allowance on the royalty from 
the amount claimed by the taxpayer. 
The taxpayer’s position was that the 
bonus was income in its entirety in the 
year of its receipt without any depletion 
element in it, and that adjustment ought 
not to be made to the depletion allow- 
ance on royalties in subsequent years 
because of the receipt of the bonus. The 
Supreme Court sustained the govern- 
ment’s position and held that the bonus 
represented a partial return of capital 
subject to depletion and that the sub- 
sequent depletion allowances must be 
made in the light of that fact. In that 
case the Court said: 

“We think it no longer open to 
doubt that, when the execution of 
an oil and gas lease is followed by 
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production of oil, the bonus and 
royalties paid to the lessor both in- 
volve at least some return of his 
capital investment in the oil in the 
ground, for which a depletion allow- 
ance must be made * * *.” 

The second case which arose under 
the 1918 Act was Burnet vs. Thompson 
Oil and Gas Company.’ This case in- 
volved the effect of prior depletion al- 
lowances under the 1913 Act upon the 
computation of cost depletion under 
subsequent acts. The taxpayer con- 
tended that under the Ludey case the re- 
maining cost to be recovered through 
depletion allowances in any one year 
was the original cost plus capital addi- 
tions and minus the depletion allowed 






by law. The government contended that, 
for the purpose of the annual allow- 
ance, the cost plus additions should be 
reduced by the depletion sustained 
whether allowed or not. The Supreme 
Court sustained the government on the 
ground that to give effect to the tax- 
payer’s contention would be to grant a 
depletion allowance in subsequent years 
which would make up for the part of 
the depletion not allowed by the 1913 
Act. The Court distinguished the Ludey 
case, at least to its own satisfaction, on 
the ground that the adjustments to basis 
for gain or loss purposes were not nec- 
essarily the same as the adjustments 
for annual deduction purposes, and in- 
dicated that the taxpayer could recoup 
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his lost capital at the time of a sal: or 
abandonment of the property. 

In a case involving who is entitle: to 
the allowance which arose under the 
1921 Act, the Supreme Court rendered 
a decision which is generally consid«red 
one of the most far-reaching of any of 
the depletion decisions. I refer to 
Palmer vs. Bender.® Personally, I ¢hink 
the foundation for most of what was said 
in that case had already been laid in 
the Lynch vs. Alworth-Stephens Com. 
pany and Murphy Oil Company vs. Bur- 
net decisions already referred to. and 
in Burnet vs. Harmel, which I wil! men- 
tion later. In Palmer vs. Bender, 2 les. 
see had executed assignments of certain 
leases in Louisiana in consideration of 
cash payments, overriding royalties and 
limited oil payments. The government 
undertook to deny any depletion allow- 
ances as to any of the foregoing items 
on the ground that the lessee had sold 
and assigned his entire interest and. 
therefore, had ceased to look to the 
lease or the production from it as a 
source of income. The taxpayer con- 
tended that under the law of Louisiana, 
he had in fact only sublet the property 
and that, therefore, he came within the 
spirit of the Lynch vs. Alworth-Stephens 
case. In sustaining the taxpayer’s right 
to depletion on all of the proceeds from 
the transaction, the Supreme Court ob- 
viously treated the lessee, under the 
facts involved, as being in substantially 
no different position than an original 
lessor would have been had he received 
the same consideration for executing a 
lease. In that decision, the Court used 
the following significant language: 

“The language of the statute is 
broad enough to provide, at least, 
for every case in which the tax- 
payer has acquired, by investment, 
any interest in the oil in place, and 
secures, by any form of legal re- 
lationship, income derived from the 
extraction of the oil, to which he 
must look for a return of his capi- 
tal.” 

* * * 

“Similarly, the lessor’s right to a 
depletion allowance does not de- 
pend upon his retention of owner- 
ship or any other particular form of 
legal interest in the mineral content 
of the land. It is enough if by virtue 
of the leasing transaction he has 
retained a right to share in the oil 
produced. If so, he has an economic 
interest in the oil, in place, which 
is depleted by production.” 
Although Burnet vs. Harmel,® which 

arose under the 1924 Act, did not origi- 
nate as a depletion case, the decision 
gave it significance from a depletion 
standpoint. In that case the taxpayer 
was a lessor of oil lands in Texas. He 
had received a large bonus and con- 
tended that since, under the laws of 
Texas, the transaction amounted to a 
sale of oil and gas in place, he was en- 
titled to treat the bonus as proceeds {rom 
the sale of a capital asset subject to the 
capital gain rates. The Supreme Court 
denied the taxpayer’s contention and 
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held that the matter was not governed by 
the Texas property laws, that the eco- 
nomic consequences of a Texas lease 
were no different than the economic con- 
sequences of leases in other states, and 
that bonuses and royalty payments were 
subject to depletion. In that case, the 
Court, after pointing out that the bonus 
payments received by a lessor were sub- 
ject to the depletion allowance, said: 
“Bonus and royalties are both 
consideration for the lease, and are 
income of the lessor. We cannot see 
that such payments by the lessee to 
the lessor, to be retained by him re- 
gardless of the production of any 
oil or gas, are any more to be taxed 
as capital gains than royalties 





which are measured by actual pro- 
duction.” 

The Revenue Act of 1926 retained the 
provisions for cost depletion but sub- 
stituted, in the case of oil and gas wells, 
a percentage depletion allowance in lieu 
of the discovery depletion provisions be- 
cause of the difficulties encountered in 
administering the discovery depletion 
provisions in the case of oil and gas 
wells. Although this change in the stat- 
ute did not represent a substantial 
change in the allowable deductions of 
taxpayers generally engaged in produc- 
ing activities, except possibly to reduce 
the deductions somewhat, it did extend 
the benefits to a great many people who 
were receiving bonus and royalty pay- 
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ments. A number of cases arose wider 


‘this Act. 

In Herring vs. Commissioner,'’ the 
question of who is entitled to the allow. 
ance arose under the 1926 Act. In jhat 
case, the taxpayer had received a bonus 
for the execution of a lease on projerty 
that was unproductive at the time o/ the 
bonus payment and that did not become 
productive until some years later. The 
Commissioner denied a depletion ailow.- 


ance on the bonus on the ground ihat 
the statute permitted the deduction only 
in the case of oil and gas wells, that it 
represented a reimbursement for the ex. 
haustion of oil and gas, and that ihere 
was no basis for an allowance where 
there was no oil and gas well and hence 
no exhaustion in the year in whicli the 
bonus was paid. The Supreme Court re- 
jected the Commissioner’s arguments 
and held that, because the bonus con- 
stituted the lessor’s gross income from 
the property, and because cost deple- 
tion was allowable regardless of pro- 
duction, there was no valid reason for 
denying the allowance simply because 
the deduction was computed upon the 
basis of a percentage of income instead 
of on the basis of the cost of the prop- 
erty. In that case, the Court specifically 
stated that the nature and purpose of 
the allowance was the same under both 
methods of computation and that there 
was no logical basis for distinguishing 
the treatment in the two cases. 

The question of how much depletion 
is allowable also arose under this Act 
in the case of Twin Bell Oil Syndicate 
vs. Helvering.1! In this case, the tax- 
payer was the assignee of a lease and 
was, under the terms of the lease and 
assignment, required to pay to the lessor 
the usual one-eighth royalty, and to the 
original lessee an additional one-eighth 
overriding royalty, so that the taxpayer's 
net interest was only three-fourths the 
total production. The taxpayer sought to 
compute its percentage depletion allow- 
ance by using the entire production 
from the lease as the gross income 
against which the percentage was to be 
applied. In support of this position the 
taxpayer argued that the computation 
of percentage depletion and the compu- 
tation of cost depletion were provided 
for in different parts of the statute, and 
that the provision for equitable appor- 
tionment between lessor and lessee ap- 
plied in the case of cost depletion but 
not in the case of percentage depletion. 
The Supreme Court rejected the tax- 
payer’s arguments and held that both 
methods of computation were subject to 
the same general restrictions, and fur- 
ther indicated that the Congress could 
not possibly have intended to permit a 
deduction for all of the interested 
parties which would be based upon 
5/4 of the oil produced or upon any 
other amount in excess of 100 per cent 
of the total production. 

In two other cases arising under the 
1926 Act, the Supreme Court again 
passed on the broad question of who 
is entitled to the allowance. In Helvering 
vs. Bankline Oil Company?” the tax- 
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payer was the owner of certain casing- 
head gas contracts, which entitled it to 
receive casinghead gas from various oil 
properties in which it owned no other 
interest. The casinghead gas was used 
by the taxpayer in the manufacture of 
natural gasoline and was paid for on 
the basis of the selling price of the 
natural gasoline. The taxpayer con- 
tended that, because of its contracts, 
it had an economic interest in the gas 
in place and hence was entitled to de- 


pletion. The Supreme Court denied the © 


taxpayer the right to a depletion deduc- 
tion on the ground that the taxpayer 
was a processor and not a producer and 
that, although its contracts may have 
given it an economic advantage because 
of production, they did not result in the 
taxpayer deriving an economic interest 
in the production represented by a capi- 
tal investment. After reviewing its deci- 
sion in Palmer vs. Bender with respect 
to the economic interest, the Court said: 
“But the phrase ‘economic in- 
terest’ is not to be taken as embrac- 
ing a mere economic advantage de- 
rived from production, through a 
contractual relation to the owner, 
by one who has no capital invest- 
ment in the mineral deposit.” 
Substantially the same conclusion 
was reached in Helvering vs. O’Don- 
nell.4® In that case the taxpayer had 
owned some stock in a corporation 
which in turn had owned oil and gas 
properties. As a consideration for the 


sale of the taxpayer’s stock to another 
oil company, the purchaser had agreed 
to pay him one-third of the net profits 
from the development and operation of 
some of the properties which had been 
owned by the first company. The tax- 
payer contended that the right to re- 
ceive net profits constituted an economic 
interest in the properties and that he 
was entitled to depletion on the net profit 
proceeds. The Supreme Court denied 
the taxpayer’s contentions on the ground 
that he had never owned the oil and gas 
properties prior to the sale and could 
not, therefore, have retained an econom- 
ic interest, and that his contract being 
merely a personal covenant with the pur- 
chaser did not grant him an economic 
interest in the oil and gas in place. 
One case along the line of the Bank- 
line and O’Donnell cases arose under the 
1928 Act. I refer to the case of Helvering 
vs. Elbe Oil Land Development Com- 
pany,!* which again presented the broad 
question of who is entitled to the allow- 
ance. In this case, the taxpayer sold 
its oil properties for a cash consideration 
payable in installments, and for the fur- 
ther agreement that it was to receive 
one-third of the net profits from opera- 
tions after the purchaser, had reim- 
bursed itself out of production for the 
total considerations paid the taxpayer 
and the cost of development and opera- 
tion. The taxpayer contended that the 
net profit agreement constituted a re- 
tained economic interest and that, there- 





fore, the cash payments received in :} 
year in question were subject to the d 
pletion allowances under the rule 
Palmer vs. Bender. It is noted that + 
taxpayer was not in the years invo 
actually in receipt of net profit pay 
ments. The Supreme Court denied 
taxpayer’s contention that the net profit 
payments under the circumstances were 
economic interests and denied the right 
to depletion upon cash proceeds. 
Another case which arose under this 
Act involved the question of how much 
depletion is allowable. I refer to the case 
of Helvering vs. Wilshire Oil Company, 
Inc.25 In that case the taxpayer had 
exercised its option to charge the in- 
tangible costs of drilling wells to ex- 
pense. The taxpayer contended, how- 
ever, that although these expenditures 
were deductible from gross income in 
determining statutory net income, they 
were not deductible from the gross in- 
come from the property in determining 
the net income from the property for the 
purpose of applying the 50 per cent net 
income limitation in the percentage de- 
pletion computation. In other words, the 
taxpayer contended that in computing 
percentage depletion the limitation upon 
the deduction should not be increased 
by reason of the intangible development 
cost charged to expense. Despite the fact 
that there had been some earlier Bu- 
reau precedent to support such an argu- 
ment, the Supreme Court held that the 
Commissioner’s prior regulations had 
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not reflected a consistent administrative 
practice and that his more recent regu- 
lations which were contrary to the tax- 
payer's argument should be applied. 
The Revenue Act of 1932 required 
that the full amount of the depletion de- 
duction taken be applied against the 
depletion base both for cost depletion 
purposes and for gain or loss purposes. 
Although Thomas vs. Perkins*® did not 
directly involve the depletion deduction 
under the 1932 Act, the case did arise 
as a direct result of the court decisions 
respecting depletion and the case is 
commonly regarded as one of the lead- 
ing depletion cases. In that case the tax- 
payer had acquired certain oil proper- 
ties by purchase and in the assignment 
to him the original lessee had retained 
substantial oil payments out of one- 
fourth of the working interest produc- 
tion. The oil which represented the in- 
terest retained by the original lessee was 
run to the lessee’s credit. The Commis- 
sioner regarded Perkins as the pur- 
chaser of the entire interest of the lessee 
and on this theory he regarded the 
one-fourth of the production that was 
run to the lessee’s credit as being con- 
structively received by Perkins and then 


passed on to the original lessee as con-: 


sideration for the assignment. Perkins 
contended, however, that the one-fourth 
interest retained by the original lessee 
did not belong to him at all and should 
not be included in his gross income even 
though the Commissioner was willing to 


allow Perkins a depletion deduction 
with respect to such payments. The Su- 
preme Court sustained the taxpayer’s 
arguments. In that case it reviewed its 
former decisions, particularly Palmer 
vs. Bender and Twin Bell Oil Syndicate, 
and pointed out that these decisions had 
allowed the depletion deduction and 
had apportioned the same on the basis 
of the ownership of the oil in place and 
that, under these decisions, Perkins 
clearly was not entitled to depletion 
upon the portion of the oil run to the 
credit of the original lessee. From this 
reasoning the Court concluded that 
Perkins should exclude the oil payment 
production from his income. In short, 
the Court pointed out that since the 
deduction followed the income and the 
ownership, the conclusion necessarily 
followed that a determination of who 
was entitled to the deduction answered 
the question of who was the owner of 
the income on which the deduction was 
based. 

Another famous case which arose un- 
der the Revenue Act of 1932 was that 
of Anderson vs. Helvering.’*7 In that 
case the problem of who is entitled to 
the deduction was presented. The facts 
in. the case were that Anderson, to- 
gether with his partner Prichard, ac- 
quired certain royalty interests, fee in- 
terests and deferred oil payments from 
the Oklahoma City Company. The total 
consideration was $160,000 of which 
$50,000 was paid down and the balance 


was payable out of the proceeds from 
one-half of the oil and gas production 
and fee interest until the entire balance 
of $110,000 with interest of 6 per cent 
was paid. The contract of sale recited 
that the Oklahoma City Company de- 
sired to sell all of its right, title and 
interest in the properties. In 1932 the 
proceeds from the production from the 
properties amounted to some $81,000 of 
which one-half was paid to the Okla- 
homa City Company. The question was 
whether the amount paid to the Okla- 
homa City Company could be excluded 
from the income of Anderson and Prich- 
ard. You will note the similarity of the 
facts and the issue in this case with 
those in Thomas vs. Perkins. The tax- 
payer relied heavily on the Perkins de- 
cision. The court distinguished the case 
on the ground that under the agreement 
the purchasers of the properties could 
sell the fee interests and apply the pro- 
ceeds on the purchase price. Conse- 
quently, the Oklahoma City Company 
could not be said to rely solely on the 
production for its money. In so holding 
the court said: 

“* * * We are of the opinion that 
the reservation of this additional 
type of security for the deferred 
payments serves to distinguish this 
case from Thomas vs. Perkins. It is 
similar to the reservation in a lease 
of oil payments rights with a per- 
sonal guarantee by the lessee that 
such payments shall at all events 
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equal the specified sum. * * * In 

the interests of a workable rule, 

Thomas v. Perkins must not be ex- 

tended beyond the situation in 

which, as a matter of substance, 
without regard to the formalities of 
conveyancing, the reserved pay- 

- ments are to be derived solely from 
the production of oil and gas.” 

Two cases that arose under different 
revenue acts merit discussion together. 
not only because of their relationship to 
each other, but also, because of their 
impact upon two prior decisions of the 
Court. Accordingly, I am taking the lib- 
erty of discussing those cases somewhat 
out of the order heretofore followed. 
Both cases presented the problem of 
who is entitled to the deduction and also 
how much is allowable. The first of these 
cases is Kirby Petroleum Company vs. 
Commissioner,?® which with its compan- 
ion case of Commissioner vs. Crawford 
arose under the Revenue Act of 1938 
and under the Internal Revenue Code. 
In this case the taxpayers were owners 
of properties in fee, which they leased 
for oil and gas. Under the leases they 
were entitled to receive, in addition to 
cash bonuses and normal royalties from 
production, specified portions of the net 
profits from the operation of the leased 
premises. The Commissioner allowed de- 
pletion on the bonus and royalty pay- 
ments but denied a deduction with re- 
spect to the net profits. The Commis- 
sioner relied upon the O’Donnell and 


Elbe cases as well as upon a statement 
by the Court in the Anderson case to the 
effect that a share in net profits does not 
entitle the holder thereof to a depletion 
deduction even though continued pro- 
duction is essential to the realization of 
such profits. The Court rejected the Com- 
missioner’s arguments and held that the 
net profits payments flowed directly from 
the taxpayers’ economic interest in the 
oil and partook of the quality of rent 
rather than of a sale price. It distin- 


_ guished the O’Donnel case on the ground 


that the net profits owner there was a 
stranger to the lease. The Elbe case was 
distinguished on the ground that the con- 
tract in that case disclosed an intention 
to sell a full interest. The statement in 
the Anderson case was in this manner 
restricted to the scope of the two earlier 
cases which had given rise to this state- 
ment. 

The second of these cases is Burton- 
Sutton Oil Company vs. Commissioner,'® 
which was decided under the 1934 and 
1936 Acts. The net profits interest in- 
volved in that case grew out of the fol- 
lowing transaetions. The owner of the 
fee leased it to S. W. Sweeny and re- 
tained the usual royalties. Sweeny 
transferred the lease to Gulf Refining 
Company and retained an overriding 
royalty interest. Gulf transferred this 
lease to J. G. Sutton and retained a net 
profits interest equal to 50 per cent of 
net profits. Sutton assigned the lease to 
the taxpayer oil company subject, of 
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course, to all of the preceding reserva. 
tions. The taxpayer excluded froz: its 
income the net profits payments, which 
it was required to make to Gulf. The 
Commissioner added them back to tax. 
payer’s income on the theory that they 
did not represent an economic inicrest 
and on the ground that the Kirby deci. 
sion did not apply because in thai case 
the lessor had retained bonus an¢ roy. 
alty payments as well as the net profits 
payment. He also relied heavily on the 
O’Donnell and Elbe decisions. The 
Court, believe it or not, sustained the 
taxpayer but refused to overrule the 
two prior decisions. It distinguished the 
cases on much the same ground as had 
been. stated in the Kirby decision. It 
stated that the Kirby decision did not 
rest on the point that the lessor there 
had retained bonus and royalties as well 
as net profits but rather upon the propo- 
sition that the net profits interest there 
was an economic interest. In the Burton- 
Sutton case the Court held that the net 
profits interest was an economic interest 
subject to depletion. Despite the Court’s 
refusal to overrule the O’Donnell and 
Elbe decisions, many tax men, both in 
and out of the government, believe that 
the practical effect has been to repudiate 
the two earlier decisions. Certainly there 
is no longer a basis on which to contend 
that a net profits interest is a mere 
economic advantage, which will not, un- 
der any circumstances, support a deduc- 
tion for depletion — the view held by 
many after the earlier decisions. 

The next case I wish to discuss arose 
under the Revenue Act of 1936 and pre- 
sented the problems of what is the effect 
of the deduction. It is the case of Doug- 
las vs. Commissioner?® and grew out of 
a corollary to the rule established in 
the Murphy Oil and Herring decisions. 
In those decisions you will recall the 
Court had held that amounts received 
by a lessor (or sublessor) as a payment 
on account of future production were 
subject to depletion even though there 
was no production at the time the 
payment was made. The Commissioner 
then took the position, in his regulation, 
that where a lease was surrendered or 
cancelled before any production was ob- 
tained, the depletion previously deduct- 
ible must be accounted for as income in 
the year of cancellation. In the Douglas 
case, the taxpayer was the owner of iron 
ore deposits which she had leased for a 
term of years under a lease which re- 
quired the payment of minimum royal- 
ties even though no ore was produced. 
The lessee paid the minimum royalties 
for eight years and then surrendered the 
lease in 1937. The taxpayer resisted the 
Commissioner’s determination that her 
income in 1937 should include all of the 
depletion attributable to the minimum 
royalties in the preceding years by con- 
tending that the regulation was not 
justified under the statute, that the 
piling of eight years of depletion deduc- 
tion into the income in one taxable year 
disregarded the annual accounting pro- 
visions of the statute and that, in any 
event, the restoration of income should 
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not exceed the tax benefit obtai:ed 
through the deduction in earlier years, 
All three arguments were rejected by 
the Court. So the answer to the prob- 
lem of what is the effect of the dedac- 
tion is that it can result in a greater tax 
liability than if it had not existed at al]. 
The final decision I wish to mention 
arose under the Revenue Act of 1438. 
It is the case of Choate vs. Commis. 
sioner.24 In that case the taxpavers 
were the owners of a developed oil and 
gas lease, which they conveyed to a puir- 
chaser for a cash consideration of $} }(.. 
000 and a reserved overriding royalty in 
the production. The producing equip- 
ment, casing, pumps, etc., were trans- 
ferred as a part of the transaction. The 
taxpayers took the position that they 
had sold their entire interest in the lease. 
and the equipment. The Tax Court sus- 
tained the Commissioner’s. contention 
that they had sublet and had not sold 
the mineral interest. It held, however, 
that they had sold the equipment for 
its undepreciated cost. Only the issue 
with respect to the equipment reached 
the Supreme Court and it sustained the 
conclusion of the Tax Court. The deci- 
sion is of significance from a depletion 
standpoint because, if the Commission- 
er’s contention had been sustained, the 
result would have been that the unre- 
covered cost of the equipment in such 
a subleasing transaction would have be- 
come a part of the cost of the retained 
overriding royalties and would have 
been lost as an independent deduction. 
This concludes a rather hasty review 
of 21 Supreme Court decisions on or re- 
lating to depletion. I do not propose at 
this time to summarize the rules estab- 
lished in those cases. Obviously, the de- 
cisions influenced the course of subse- 
quent legislation as well as subsequent 
judicial determination. For the most 
part I believe that we can safely state 
that the oil industry has been exceed- 
ingly fortunate in the quality of the Su- 
preme Court decisions on depletion. The 
Court’s grasp of the realities of the oil 
business is well illustrated by its reason- 
ing and conclusions in such cases as 
Lynch vs. Alworth-Stephens Company, 
Palmer vs. Bender and Thomas vs. 
Perkins. Furthermore, the Court has 
shown a real disposition, in the Kirby 
Petroleum and Burton-Sutton cases, to 
correct the questionable if not faulty 
approach it used in some of its earlier 
decisions. Finally, it should be noted 
that the Court has treated the percent- 
age depletion provisions as a perfectly 
reasonable and acceptable basis for 
computing a deduction “according to the 
peculiar circumstances” of the oil pro- 
ducers’ case. 
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Western Hemisphere Oil’ 
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Location of petroleum is quite as important as volume— 


free world must build reserves and processing capacity 


to reach a greater margin of safety in oil supplies 


Ture are two ways of looking at the 
petroleum production in any given coun- 
iry. One is to view it from the standpoint 
of over-all free world supply, and in any 
such view the output of many of the 
Western Hemisphere nations must nec- 
essarily be considered insignificant. An- 
other way, though, is to view the produc- 
tion from the standpoint of the nation 
itself, and in that view what was other- 
wise insignificant may become weighty 
indeed. 

Take Peru as an example. Peruvian 
production is only about 43,000 bbl a 
day. Yet those 43,000 bbl a day supply 
the total demand of Peru, almost all of 
the demand of Chile, Ecuador, and west- 
ern Colombia, and some of the demand 
in Central America. A few hundred bar- 
rels a day of this production is in the 
Aguas Caliente field on the eastern side 
of the Andes; it is enough to satisfy the 
full local fuel demand and also part of 
the demand in Manuas, Brazil. The oil 
for this territory, an almost inaccessible 
district, would otherwise be hard to 
supply. 

Argentina, on the other hand, has a 
daily production of some 70,000 bbl, but 
those 70,000 do not begin to satisfy 
Argentine demand. The country has to 
import petroleum. 

Peru’s position and Argentina’s con- 
trasting one serve to point up a fact no 
one can afford to forget—that location 
of oil is quite as important as volume. 
That is true enough in peacetime. It be- 
comes an overriding consideration in 
time of war. Suppose, for instance, that 
the United States were engaged in a 
global conflict with both Peru and Ar- 
gentina as allies. Peru would present 
few if any petroleum problems, but 
Argentina would pose a major transpor- 
tation problem. 

It would be fine, of course, if every 
nation in the hemisphere could be self- 
sufficient in oil, or almost completely so. 
But unfortunately things seldom work 
themselves out ideally. There are, for 
example, many nations in the hemis- 
phere that have carried on relatively 
extensive exploration for crude with 
[Presented before the Independent Petroleum 
inn ne of America at Columbus, Ohio, 
April 28, 1952. 
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practically no success at all. It is danger- 
ous, of course, to write these regions off, 
to decide they will always be on the 
red-ink side of the petroleum ledger. 
Just as soon as someone authoritatively 
announced that no oil will ever be found 
in this country or that, a geologist comes 
up with evidence to the contrary or a 
discovery well comes in, and the prophet 
is left holding the bag of his prophecy. 
Still the fact remains that there are 
those nations in which both history and 
a full assessment of prospects indicate 
that the chances for petroleum produc- 
tion are slim. We can touch on them 
now as we undertake a quick survey of 
the actualities and the potentialities of 
the hemisphere. 

I shall try to sketch in the history, 
the present situation, and the prospects 
in each of the countries from Canada 
to the Cape of Good Hope, omitting the 
United States on the way down the map. 





Canada 


For one reason or another we usually 
think of Canada as a newcomer to the 
oil business. Actually commercial pro- 
duction of oil in the province of Ontario 
dates back to 1859—or perhaps it’s to 
1860; there is disagreement over the 
date of discovery. In any event progress 
has been persistent, if not until lately 
spectacular. Although drilling has not 
gone forward at a high rate in eastern 
Canada in recent years, there are now 
18,000 wells in that region alone. 

But it is western Canada, of course. 
that is now claiming chief attention and 
introducing the element of the spectacu- 
lar that had previously been mis-ing. 
This area of new production was really 
opened with the Turner Valley discov- 
ery in 1936, but an ll-year dry spell 
followed. It was not until 1947, when 
Leduc was brought in, that drilling 
activity rapidly increased. Then a year 
later Redwater and Woodbend were 


-added to the producing fields, and the 


boom in Frairie oil was away on a major 
scale. 

Last year was Canada’s most success- 
ful for oil operations. A record 108 new 
discoveries were made — 40 new oil 
fields and 68 new gas fields — and there 
were many important extensions of 
previously discovered areas. 
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A large part of the 1951 activity was 
centered on Alberta, long the focus of 
the oil search, and here there were three 
major developments: 

1. The extension of the Devonian- 
reef region by discoveries extending up 
to 200 miles south and southeast of the 
Leduc - Redwater area to Drumheller 
and the Calgary area. 

2. Expansion of the Peace River re- 
gion into a major gas-reserve area. 

3. The increased importance of the 
Cretaceous sand as a source of both oil 
and gas in south and central Alberta. 

Alberta has no monopoly on either 
activity or discovery, however. Impor- 
tant discoveries were made in Manitoba 
and British Columbia, and there was 
an increase in the shows found in Sas- 
katchewan. Canada’s list of potential 
oil-producing provinces as a result now 
reads: Ontario, Saskatchewan, Alberta, 
Manitoba, and British Columbia. 

Prospects. Canadian crude oil re- 
serves are now estimated at 1,750,000,- 
000 bbl, 30 times the 1947 figure, and 
known gas reserves are estimated at be- 
tween 714 and 15 billion feet. Canadian 
production averaged some 130,000 to 
135,000 bbl per day for 1951 as comple- 
tion of the Inter-Provincial pipe line 
provided an increase outlet for the 
crude. 

What are the prospects ahead? It is 
somewhat difficult to say with any cer- 
iainty. 

One limiting circumstance, for exam- 
ple, is the fact that Canadian production 
is subject to considerable variation from 
month to month; always the producers 
must contend with the seasonal difficul- 
ties of transporting the oil. Last year 
Canada averaged 171,000 bbl per day 
for August, a figure that gives at least 
some firm indication of present capabili- 
ties. Estimates on the Canadian poten- 
tial now range from 225,000 bbl per 
day to 300,000 bbl per day, with the 
latter figure suspected as being on the 
over-optimistic side. 

Certainly we would err in over-opti- 
mism if we tried predicting the Canad- 
ian production future on a simple pro- 
jection of the activity of the last few 
years. It seems unlikely that the rate 
of discovery will be as rapid as it has 
been in the past or that the fields found 
will be as large. 
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But this much we know for certain: 
There are now more than 150 geophysi- 
cal parties actively on the search for 
oil in Canada. So much activity insures 
that the possibly productive area, which 
is somewhat larger than Texas, Cali- 
fornia, Louisiana, and Oklahoma com- 
bined, will get a thorough going over. 
It seems likely, then, that Canada.can 
maintain a high rate of discovery for 
quite a few years to come. 





Mexico 


As we move southward, crossing the 
States, we come next to Mexico. 

Mexico’s oil history has been dis- 
turbed more than a little, naturally 
enough, by the 1938 expropriation, in 
which the government took over some 
95 per cent of the holdings of the for- 
eign oil companies. 

Petroleos Mexicanos—more familiarly 
Pemex — which took over operations 
after expropriation, continued, though 
somewhat slowly, the development of 
oil fields and enlarged the limits of sev- 
eral areas, notably Poza Rica, which 
was discovered in 1930. Currently, this 
field produces 144,000 bbl per day, more 
than half the present average Mexican 
production of 227,000 bbl per day, and 
Pemex has proved extensions to both 
= ‘a. and the south of the discovery 
well. 

Pemex had five discoveries in 1951, of 
which Jose Colomo and Rabon Grande 
may prove to be of real importance, and 
the government agency reported a total 








of 267 wells drilled during the year. 
- Pemex reports it has out- 


‘lined some 120 structures that are ready 


for testing, many of them in the Isthmus 
area, where Rabon Grande, Jose Colomo, 
Fortuna Nacional, and Concepcion are 
located. There are 113 rigs now in use 
on wildcat and development drilling 
and on workovers, and some 44 geophy- 
sical and geological parties are actively 
searching for new plays. 

If Pemex can realize its program, 
there should be a continued steady in- 
crease in production. In such event 
Mexico may continue to supply her own 
needs and also to increase the present 
exportation of oil. It seems, though, 
that any large increases in production 
will have to come from the discovery of 
new areas, not from exploitation of 
known reserves. 





Central America 


As you move south into Central Amer- 
ica, you come upon areas, most of 
whose potentialities are really unknown. 
There has been little geologic prospect- 
ing in these countries and even less 
drilling. It is true that much of the area 
is considered geologically unfavorable, 
because it has no sedimentary strata, but 
considerable territory has been rated a 
possible producer by some geologists. 

A-quick inventory of the area runs this 
way: 

British Honduras is reported to have 
oil seepages and some bituminous de- 
posits in a fair sedimentary section, yet 
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no wells have been drilled in the - untry 
to date. 
El Salvador and Honduras a: 







gen- 
erally rated as poor prospects, : iough 
there are those who hold out som> hope 
for oil in the southeast corner of Hop. 





duras. 

Guatemala’s prospects are 
poor. 

Nicaragua’s east coast has a possibly 





equally 








productive basin that so far as ha: been 
inconclusively tested. There have been 
reports, too, of oil seepages in a marine 





section of the west coast, but the re. 
ports are still unverified. 

Sections of Costa Rica are con<idered 
possibly productive, and numerous oj] 
and gas seepages have been reported, 
Several tests have been dril'ed. and 
gas shows have been reported, but there 
have been to date no reports of oil, 

Test wells have been drilled in three 
sectors of Panama—the northeast cor. 
ner and two basins in the southern part 
of the country—but all were dry holes. 

In general it can be said of Central 
America that the tests have been few 
and in many cases have been badly sit- 
uated. As a result the fact that the tests 
have proved unproductive is anything 
but conclusive. Certainly more explora- 
tion should be undertaken, for geologists 
consider a number of locations favor- 


able. 




























Colombia 


Colombia was off to an early start in 
the oil business. As long ago as 1866 
seepage oil was being recovered from 
Tubara, near Cartagena, and in 1905 the 
Colombian government authorized its 
first oil concessions, those at De Mares 
and Barco. Somehow, though, the coun- 
try as yet has not lived up to its early 
promise. 

Although the first drilling on the De 
Mares concession in 1916 found the In- 
fantas field, it was not until 10 years 
later, when the Andian pipe line was 
completed, that any oil was exported. 
Oil seepages at Petrolea within the 
Barco concession were worked early, 
and the Rio de Oro field was ‘estab- 
lished as a producer in the beginning 
of the twenties, but it was not until 1939 
that the concession began to export oil. 

One trouble seems to have been a lack 
of real exploration. Up to 1950 only 
some 198 wildcat wells had been drilled 
in Colombia, and these widely scattered 
wells only scratched the surface of pe- 
troleum possibilities, yielding a mint- 
mum of geological information. 

There has been some improvement 
since 1950, however, enough to bring 
Colombia to a present average produc- 
tion of 105,000 bbl per day. Tetuan and 
Ortega in the Upper Magdalena River 
Basin have been brought in, as has 
Totumal in the Middle Magdalena area. 
New fields have been discovered on the 
Barco concession, where North and 
South Sardinata have tested production 
and a deeper horizon at Rio de Oro has 
yielded oil. / 

Prospects. Colombia’s petroleum his: 
tory is more a question of the future 
than of the past. After all, in the twen- 
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ties Colombia was considered geologi- 
cally a better prospect than Venezuela. 
What is perhaps more practically to the 
point is the fact that the De Mares 
Concession had produced 521,000,000 
bbl of oil and the Barco Concession ap- 
proximately 70,000,000 bbl. Where so 
much oil has been found, it seems likely 
that there is more waiting for discovery. 





—_——_ 


Ecuador 


Ecuador has had in its history a total 
production of about 45,000,000 bbl of 
crude. Practically all the production has 
come from the Ancon - Tigre - Cautivo 
fields, which were discovered in the early 
1920’s. Because no large productive 
areas have been located since that time, 
those fields are still turning out the 
bulk of the limited Ecuadorian produc- 
tion—about 6700 of the 7200 bbl per 
day total. 

One fairly intensive drilling campaign 
was conducted on the eastern side of 
the Andes. Not only were there no dis- 
coveries, but the companies involved, 
disheartened by the succession of dry 
holes, gave up their concession. Some 
United States interests have taken over 
the holdings of Ecuador Oilfields, Ltd., 
and are conducting an exploratory cam- 
paign. What its results will be no one 
knows. 

Prospects. All of Ecuador’s prospects 
would seem to be a matter of guess. 
Coastal Ecuador is the only producing 
province now, and it seems still to hold 
the best possibilities for future discov- 
eries—but no one knows how good that 
best may be. 

At most one can say that the Ecua- 
dorian possibilities have not been fully 
evaluated. Prospects are not so bright 
as once they seemed, but on the other 
hand no one can eliminate the country 
completely in consideration of the oil 
picture. 





Peru 


Peru’s history as a Latin American 
oil producer is a long one. There was 
some production as early as 1896, and 
the Talara field has been producing 
since the early 1900’s. Total production 
is small, though, and Peru’s peak year 
was 1936, when 17,593,000 bbl were pro- 
duced, a daily average of 48.068 bbl. 
Production declined after that, but dur- 
ing the last five years it has been mak- 
ing a small, steady recovery. Current 
production is about 43,000 bbl per day. 
_ Chief of the producing areas are those 
in northwest Peru near Talara — the 
Lobitos and Negritos districts and the 
Aguas Calientes field on the eastern side 
of the Andes, a field better known as the 
sue Goose operation. There is also a 
little production in the Pirin district 
near Lake Titicaca—at an elevation of 
12,000 ft. 

Prospects. While they were waiting 
for passage of a new Peruvian oil law, 
oll companies in the country did little 
exploratory ‘work. Now the law is in 
operation, and though there are differ- 
ences of opinion about its full effect, 
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some companies have expressed interest 
in petroleum development. 

















Bolivia 


Bolivian petroleum activity began in 
1921, when Standard of New Jersey took 
a concession in the southern part of the 
country, and for a time there was 
marked progress. Bermejo was dis- 
covered in 1922. In 1926 came the dis- 
covery of Sanandita, a field that with 
eight pumpers had a cumulative produc- 
tion to July 1, 1950, of 1,735,000 bbl. 
Then a year later Camiri was discov- 
ered, the largest of the Bolivian fields, 
having about 16 wells and a cumulative 
— to July 1, 1950, of 2,600,000 

On March 13, 1937, however, Bolivia 
became the first of the South American 
countries to expropriate the oil conces- 
sions and fields of foreign companies. 
Since that time petroleum activity has 
been extremely slow. The single discov- 
ery of any significance that the YPFB, 
the government corporation, has made 
is Guayroy, found in 1947, and 1951 
production in the nation as a whole was 
only 1500 bbl per day. 

Prospects. Geologically speaking, Bo- 

* livia rates as a recommended area. The 
producing fields are proof that there is 
oil in the country, and Bolivia is known 
to have a satisfactory sedimentary basin. 

Oil companies have not, however, 
proved over-anxious to undertake any 
new activity. Though the Bolivian Na- 

tional Congress on November 6, 1950, 




























































































































































































adopted a new oil law, there has been 
no rush of applicants to get concessions. 
Some quarters report that oil company 
representatives have held “conversa- 
tions” with government officials, but 
nothing has gone beyond the conversa- 
tion stage. 





Chile 


In December 1926 the Chilean Con- 
gress passed a law asserting that only 
the government had the right to explore 
for, develop, and operate oil wells in 
the country. A year later the Congress 
reversed itself, and three companies ap- 
plied for concessions. But then in Feb- 
ruary of 1928 the Congress reversed it- 
self again; reverted to its original posi- 
tion, and withdrew its permission for 
the granting of concessions. This 1928 
law has remained in effect ever since. 

Prospects. Only one section has ever 
been considered by the geologists to be 
favorable oil territory — the extreme 
southern end at the Strait of Magellan, 
the so-called Santa Cruz Basin. Even 
here only a few tests have been drilled, 
and the first seven were nonproducers, 
although there was an oil show in one 
well. 

Much of the Brunswick Peninsula and 
Spring Hill areas have been mapped, 
and a Spring Hill discovery was com- 
pleted in 1945. Of the first 20 wells 
drilled after the first one came in, 11 
were oil producers, 4 were gas wells, 
and only 5 were dry. Production has 








not been great, however. The field pro- 
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Down in Kent County, Texas, this pumping unit, powered by a 2-cylinder Wisconsin 
Air-Cooled Engine, delivers oil at the rate of one barrel a minute, operating at 250 
Ibs. pressure in a medium pressure gathering system. 























This is a typical example of efficient and economical power performance supplied by 
Wisconsin Heavy-Duty Air-Cooled Engines to meet the many and varied demands 
of oil field service. In addition to traditional Wisconsin Heavy-Duty design and 
construction many special oil field features are available . . . “‘to fit the machine 
and the job”’. 
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duces about 1500 bbl per day presently, 
all of which is shipped to Uruguay as 
there are no Chilean refineries. 

On balance Chile must be rated as 
unfavorable for large production, partly 
because known fields are limited in »:um. 
ber and size. 





Uruguay 


There is little geologic information on 
which to evaluate Uruguay’s petroleum 
possibilities. Generally speaking, the 
geologists rate the country as unencour- 
aging. There is, though, a small area jn 
the west and southwest that may con. 
tain sediments worthy of exploration in 
spite of the fact that possibilities are 
likely to be low. 





Paraguay 


Recently some attempts were made to 
locate oil in Paraguay. They came to 
nothing, and the concession was termi- 
nated. This one try does not, of course, 
eliminate completely the possibility that 
the country has oil. The dry holes that 
were sunk did, though, eliminate some 
areas from consideration as possible 
producers. 

Prospects. Paraguay’s immediate 
prospects for petroleum are slight, and 
its long-range prospects are largely de- 
pendent on what is learned about pos- 
sible extension of production eastward 
from the Andes in Bolivia and Argen- 
tina. If the producing horizon extends 
far enough, Paraguay may still become 
a producer. If not, the country prob- 
ably will continue to depend on imports. 





Argentina 


Argentina’s position on petroleum is 
unique in South America. Private com- 
panies are permitted to work the fields 
they own, but they are forbidden by law 
to obtain new concessions. Only the 
YPF, a government corporation, can ex- 
tend its explorations. 

This fact has resulted in some singu- 
lar statistics from Argentina. In 1947, 
for example, YPF fields produced about 
41,600 bbl per day. Private company 
fields at that time were producing about 
18,000 bbl per day. By 1951 the YPF 
production had gone to 53,500 bbl per 
day, but private production was off to 
only about 14,700 bbl per day. Total 
production, then, had gone from 59,600 
bbl per day in 1947 to 68,200 bbl per 
day in 1951, only a 14 per cent increase 
in the four years or less than 4 per cent 
a year at a time of rapidly increasing 
demand. 

The explanation is obvious enough: 
Limited to exploitation of their old 
fields, the private companies face a 
steady decline in production as those 
fields become progressively exhausted. 
Although YPF production has shown a 
steady rise, the increase has been almost 
completely offset by the private com- 
pany decline, and Argentina is heavily 
reliant on imports. 

Prospects. Perhaps the most impor- 
tant recent development by YPF was 
the bringing in of a new exploratory 
well in the Campo Duran field adjoin- 
ing the Bolivian border. Drilled to 10.- 









900 ft and producing at the rate of 1500 
bbl per day, this is both the deepest and 
the most productive well in Argentina. 

Surface exploratory work for exten- 
sion is being done principally by the 
Army in conjunction with YPF and is 
presently being concentrated on extend- 
ing the known producing areas at Como- 
doro Rivadavia, Newquen, and Men- 
doza. There is also some exploratory 
drilling at the two extremes of the coun- 
try, Tierra del Fuego and northern 
Salta Province. 

In spite of the one major completion 
and the continued exploration, however, 
prospects for increased production seem 
relatively small. YPF, it seems, is going 
to have to occupy itself in the near fu- 
ture chiefly with maintaining existing 
production rates. 





Brazil 


Brazil began development of her pe- 
troleum resources under government 
monopoly in 1938 and a year later 
brought in her first field, the Lobato- 
Joanes. The Candeias, Itaparica, and 
Aratu fields were discovered in 1941 and 
1942, the Dom Joao field in 1947. Then 
in 1950 the Agua Grande, Paramirim, 
and Pedras fields were discovered. the 
last of the Brazilian fields to date. These 
8 fields, all in the state of Bahia, have 
in total approximately 137 producing 
wells, 90 per cent of them in Candeias, 
Dom Joao, and Itaparica. Production is 
more or less stationary at 5000 bbl per 
day limited by the capacity of the 
Mataripe refinery, which is presently be- 
ing expanded from 2500 to 5000 bbl 
capacity. Thus Brazil supplies only 5 
per cent of her daily requirements for 
100,000 bbl of petroleum and its prod- 
ucts and is heavily dependent on im- 
ports. 

That reliance seems all too likely to 
continue, for Brazil’s petroleum devel- 
opment under government monopoly 
has been relatively slow. In 1946 produc- 
tion was only 185 bbl a day. Four years 
later it was still below the 1000 figure— 
only 930 bbl per day—and not until 
1951 did it get above that figure. Then 
production averaged 2100 bbl per day 
all of it from the Candeias, Dom Joao, 
and Itaparica fields. 

It can be argued of course that pro- 
duction has increased under govern- 
ment monopoly, and so it has. But the 
increase has not been nearly enough to 
meet present demands, and the rate of 
increase in development is falling far 
short of the rate of increase in consump- 
tion. 

Prospects. Brazil could probably be- 
come a much more important producing 
nation if exploration were carried out 
on the scale that the country’s geology 
warrants. Twelve times the size of 
Texas, Brazil has sedimentary basins fa- 
vorable to accumulations of petroleum 
that in total area are at least as large 
as Texas. Exploration, though, has been 
extremely limited. 

_ One exploration well was completed 
in 1950-51 in the state of Para, another 
in Maranhao, but both were dry. Now 
the government has planned the drilling 
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of six more exploration wells—two in 
Para, two in Maranhao, two in Sao 
Paulo. Some few limited surface and 
geophysical surveys are being conducted 
in the states of Bahia, Maranhao, Para, 
and Sao Paulo. 

Brazil’s situation seems to be one of 
the government’s being unable to carry 
on large-scale exploration on its own, 
unwilling to let foreign enterprise carry 
it on for the state. That is somewhat 
strange. Foreign investment is welcome 
in other spheres of Brazilian activity. 
But the government is obviously anxious 
to keep the oil industry, as far as pos- 
sible, in Brazilian hands. 


prospects will remain good but her pro- 
duction will remain low. 





Trinidad 


The island of Trinidad has seen a 
uniquely stable petroleum activity over 
the past five years. Regularly produc- 
tion has been, in round figures, 56,000 
bbl per day and the total footage drilled 
on the island each year has ranged nar- 
rowly between 630,000 and 660,000 ft. 

Prospects. The search for new hori- 
zons and areas in Trinidad has been 
continuous, but stratigraphic conditions 


production, for example, yielded a si:.::Je 
producer. : 

Trinidad continues development <;‘|]. 
ing, chiefly in the Miocene, in orde: to 
maintain production. There can as « re. 
sult be no forecast at this time of iny 
substantially increased productivity — 





Venezuela 


Commercial petroleum productiv in 
Venezuela, now second only to the 
United States as a producer of oil, «ates 
to 1878, though oil seepages were 


known in the country even at the time 
of the Conquistadores. It was in 1378. 
however, that the government granted 
exclusive rights for the development of 
a seepage near San Cristobal in the 
state of Tachira, one of the 20 states, 
two national territories, and a federal 
district into which Venezuela is divided. 

Development was slow in the early 
years, and it was not until April 1914 
that the first of Venezuela’s really im- 
portant fields was discovered—the Mene 
Grande field on the east side of Lake 
Maracaibo. 

Then came a political development 
that gave Venezuelan oil an unexpected 
boost. Many oil companies had been 
concentrating their petroleum search in 
Mexico, but they considered the 1917 
Mexican constitution unfavorable to 
their interests. After World War I, 
when they undertook to locate and de- 
velop foreign oil, they turned in great 
numbers to Venezuela. When the Los 
Barrosas No. 2 well came in on Decem- 
ber 14, 1922, with a reported flow of 
100,000 bbl per day, both interest and 
activity were greatly heightened. 

By the end of 1929 some 73 compa- 
nies had joined in the oil search, but 
then came a falling off. For one reason 
or another various companies withdrew, 
consolidated, combined, or sold out, 
until now some dozen companies are 
producing Venezuelan oil. 

The current rate is high — 1,800,000 
bbl per day, up almost 100,000 bbl per 
day over the 1951 average of 1,705,000 
bbl per day, which was itself better 
than 200,000 bbl per day increase over 
the 1950 figure of 1,500,000 bbl per day. 

Over the last decade roughly one wild- 
cat of every five drilled has made a 
discovery. There have been in total 
about 12,500 wells put down in Vene- 
zuela, and almost 90 per cent of them 
have been producers. 

Geographically speaking, Venezuela’s 
oil comes from two areas—eastern and 
western. Eastern production last year 
was at a steady rate of about 500,000 
bbl per day, western production at about 
1,200,000 bbl per day. 

Geologically speaking, Venezuela is 
divided into five basins — Maracaibo, 
Falcon, Maturin, and Barinas-Apure, 
though the oil of the latter has no out- 
let to market; the fifth basin, Cariaco, 
has no discoveries to date. The Mara- 
caibo and Falcon basins produce the 
western Venezuelan oil, and the Maturin 
basin produces all of the eastern Vene- 
zuelan oil. 

Prospects. To evaluate the prospects 


on the island are extremely complex. 


As —. as the situation continues, 
ik Some 14 deep tests to find Cretaceous 


it seems likely that Brazil’s geological 
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+ COOK 101—one of Cook's 


complete line of piston 
rings for every engine 
and operating condition. 























of Venezuela’s basins properly would 
take all the time of this meeting, and 
even then the discussion would not be 
complete. It seems best, then, merely to 
present some data that will permit a 
general conclusion. Unfortunately the 
best figifres are for 1949 as those are 
the latest available, but they will do for 
our purposes. 

One current figure we do have: To 
date Venezuela has produced 6,165,000,- 
000 bbl of oil, and her reserves are 
estimated at from nine to ten billion 
barrels. One field alone, Laguinillas, 
has produced some two billion barrels 
of crude. 

Now for the 1949 figures. As of that 
year, the 27 principal Venezuelan fields 
had produced 4,900,000,000 bbl from 
350,947 acres, a recovery of 13,962 bbl 
per acre. Tia Juana and Cabimas by 
the end of 1949 had total productions 
of over 600,000,000 bbl, and Oficina 
passed the 325,000,000-bb] mark that 
same year. 

Some 424,453 acres were considered 
as productive in all fields in 1949. With 
16,054,000 acres—or roughly 8 per cent 
of Venezuela’s total acreage—in conces- 
sions held by about 24 companies as of 
that time, 2.35 per cent of the total con- 
cession area was preductive. 

Incidentally, the acreage held in con- 
cessions has declined since 1949. As of 
December 31, 1951, only 15,543,177 
acres were so held, a decrease of more 
than 13 per cent. 


Obviously some Venezuelan oil fields 
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have been and are prolific producers. 
And though more is known about the 
geology of Venezuela than of any other 
Latin American country, thanks to the 
drilling of the 12,500 wells, large areas 
have yet to be tested. It seems only rea- 
sonable to assume that when they are 
tested, more fields will be discovered. 

Whether or not these new fields will 
offset the normal decline in production 
from existing producing areas is dif- 
ficult to say, of course. Many of the 
fields are young and even some of the 
older ones have not yet been fully 
drilled. No one knows, consequently, 
just what the settled production will be. 

Those who have studied Venezuela, 
though, believe it may well attain a 
2,000,000 bbl per day output, substan- 
tially above the present 1,800,000 bbl 
per day. 





Cuba 


Cuba has had a producing field in 
Motembo since 1881, but the accuinu- 
lated total production for the entire 
island to date is only about 3,000,000 
bbl; current production ranges from 
200 to 300 bbl per day. 

Prospects. Even so small an output is 
important to Cuba itself, of course. Sev- 
eral companies have made geological 
surveys of the island, and about 25 
tests have been drilled, but none de- 
veloped commercial production. 

One interesting test well is being 
drilled now. Its results should go far to- 
ward settling what the Cuban prospects 
really are. 





Summary 


This analysis of the prospects for 
Western Hemisphere petro'eum produc- 
tion points up the fact that in only a few 
countries are sizable increases in pro- 
duction possible in any short time. 

As a matter of fact this situation was 
made clear last year when extraordi- 
nary efforts had to be made to replace 
the production closed in by the shut- 
down of operators in Iran. Before mid- 
1951 there had been a rough balance 
between free world supply and demand. 
The Iranian shutdown, however, called 
for a good deal of reshuffling to restore 
the world-wide petroleum equilibrium. 
Unfortunately this “dry run” test 
showed what could happen to the free 
world’s economies in the event of a 
major dislocation of petroleum supplies. 
It also showed that the Western Hemis- 
phere as a whole had much less flexi- 
bility in supply than it needed. 

PAD’s experience during the Iranian 
crisis contributed in part to the agency’s 
determination to prepare the expanded 
petroleum program that has now been 
approved by the Defense Production 
Administration. It was essential, we 
realized, to build free-world reserves to 
a point at which safety, even though 
not assured, would at least be within 
reach. 

You know the broad outlines of the 
new program, I am sure. It calls for the 
drilling of 80,000 wells within the 
United States during the 18 months be- 
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ginning June 1 of this year and for the 
drilling of 10,128 wells in other »arts 
of the free world during the same pe. 
riod. Of these 10,000-plus, 4,020 -,el]. 
are scheduled for Canada, 6,108 for 
other countries. 

Better than two-thirds of the 6108 
wells set for foreign drilling outsid= the 
United States and Canada—4897 wells. 
to be exact—are scheduled for the West. 
ern Hemisphere. These with Canada’s 
4020 wells would bring the Western 
Hemisphere total, excluding the United 
States, to 8917 wells, or 88 per cent of 
the full foreign drilling target. If it js 
realized, this program should increase 
crude producibility by 867,000 bb! per 
day by the end of 1953. 

Refining also is scheduled for major 
production under the program, which 
calls for expansion in the Western 
Hemisphere outside the United States 
at the rate of 53,000 bbl per day capac- 
ity in the last half of 1952 and 214,000 
bbl per day in 1952, a total of 267,400 
bbl per day in the 18 months. 

Under the program Western Hemis- 
phere transportation outside the United 
States would be increased by construc- 
tion of 1507 miles of pipe line to handle 
978,000 bbl of oil. Longest of the sched- 
uled lines is the Canadian Trans Moun- 
tain line, and the program also contem- 
plates looping of the Inter-Provincial 
line. Several pipe line projects are 
scheduled for Venezuela to handle the 
expected increases in production there. 
In view of these expansions storage ca- 
pacity would have to be increased by an 
addition of 14,100,000 bbl to capacity to 
existing tankage. 

When earlier this year Bruce Brown 
presented this program to the National 
Petroleum Council and later to the 
press, he stressed two points that bear 
repeating: 

1. The goals have been set, not on 
the basis of any PAD judgment about 
what would be necessary or desirable 
in the event of an all-out war. They have 
been set rather on the basis of PAD’s 
judgment of what the industry could 
and would do on its own in the six quar- 
ters if only sufficient materials were 
available. 

2. Even if the expanded program is 
realized, the industry in the free world 
will still not be as much ahead of the 
demand for petroleum and its products 
as it was before the Korean invasion. 

This expanded program is, then, es- 
sentially a conservative one. It repre- 
sents only the minimum that the free 
world must achieve if it would also 
achieve any degree of security. We in 
the Foreign Division of PAD are con- 
vinced that the program can and must 
be realized. x* 


‘There is no substitute for petro- 
leum. And there is no substitute for 
our American formula for having 
enough petroleum. That formula 
has been the maintenance of prop- 
er economic incentives to stimulate 
our free, dynamic oil industry in its 
perpetual search for new and 
greater reserves."’ 

—Governor Allen Shivers of Texas. 
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Koppers expands service 


on American Hammered 
Industrial and Aircraft Piston Rin gs 


EcAUsE Of the sale of its auto- A large foundry equipped for both 
motive replacement piston static and centrifugal casting... a 
ring business Koppers now is in a modern heat-treating plant . . . one of 
position to further increase its the largest and most up-to-date chromi- 
leadership in piston and sealing um plating plants... modern ma- 
rings for aircraft, general indus- chine shops .. . an efficient engine test 
trial, marine, commercial engine, laboratory ...a modern and complete 
railroad and oil field applications. piston ring research laboratory. 
To present and prospective users 
of Koppers American Hammered 
Industrial Rings, this means in- 


In industrial and aviation rings, 
American Hammered means Kop- 
pers . . . builders of engineered 


creased engineering service, products for industry 


through concentrated attention to 

the solution of industrial and Write, wire or phone us for the 
aviation ring problems; and right answer to your piston or 
greater production Ca- sealing ring problems, 
pacity for both origi- today. Kopprrs Com- 
nal equipment and re- a PANY, INnc., Piston Ring 
placement rings. Our Department, 1597 Ham- 


available manufactur- KOPPERS burg Street, Baltimore 
ing facilities include: wy 3, Maryland. 


Koppers American Hammered 


Industrial Piston Rings 


Only KOPPERS can furnish K-Spun and Porous Chrome! 
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Some Educational Prerequisites 


in the Field of Petroleum 


Economics and Evaluation+ 


JACK CRICHTON* and HARRY H. POWERT 


Acrnoucu the title of this discussion 
suggests an academic approach to the 
educational prerequisites in the field of 
petroleum economics and evaluation, a 
maturing or experience factor must be 
added if the correct degree of profes- 
sional responsibility is to be acquired on 
the part of the petroleum engineer. The 
appraisal of an oil property usually in- 
volves the estimation of market value. 
As a controlled and disciplined estimate 
it involves judgment, which, in turn in- 
volves ability, training, and experience. 

It is recognized that engineers may be 
employed professionally as petroleum 
engineers and serve very well in that 
capacity, but may fail to qualify as valu- 
ation specialists. Appraisals or evalu- 
ations are often made by engineers or 
geologists who have had little experience 
in appraisal work. They may also lack 
the qualifications upon which judgment 
and expertness depend. Hence, it be- 
comes necessary to examine the prepa- 
ration of men for this “specialty within 
a specialty”, with particular reference 
to an integration of factors which will 
result in a product of the desired speci- 
fications. 

Although a general education in 
petroleum engineering is a prime requi- 
site for the field of oil and gas evalu- 
ation, extension to include certain 
phases of refining and mechanical en- 
gineering is necessary if versatility in 
meeting all problems is to be acquired. 
Oil and gas valuation problems are not 
only presented in the appraisal of work- 
ing interests and royalties in producing 
properties, but also in the physical ap- 
praisal of pipe lines, gasoline plants, 
condensate plants, and natural gas pub- 
lic utilities*. 

It is self-evident that education in the 
basic sciences such as mathematics, 
physics, chemistry, geology, and English 
which are common to all engineering 
branches commands first consideration. 
Extension of the mathematics to courses 
beyond the usual calculus is necessary 
for those who expect to engage in ad- 
vanced phases of oil reservoir analysis 
and engineering predictions. Courses in 
methods of statistics, and in financial 





tPresented before the annual meeting of the 
Petroleum Branch, AIME, in New York, 
February 17, 1952. 


*Vice President, San Juan Oil Company, 
Dallas, Texas. 


+Professor of Petroleum Engineering Uni- 
versity of Texas, Austin. 
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and statistical mathematics are recom- 
mended as a general requirement. 

The paramount importance of English 
in report writing has been emphasized in 
various engineering curricula. The role 
of English in the valuation report as- 
sumes unusual importance, as it often is 
reviewed by management and other top- 
ranking personnel who insist on know- 
ing the details so necessary to the main- 
tenance of their positions. 

In the specialized field of petroleum 
engineering, that division pertaining to 
the reservoir assumes unusual import- 
ance. Preceding all other considerations 
is a thorough grasp of the various 
methods of correlation, including geo- 
logical, electrical, radio-active, mud, 
caliper, and drilling-time logging. Next 
in order of importance is a knowledge of 
all methods in common usage for the 
estimation of recoverable oil and gas in 
place, including the usual volumetric 
methods; the use of the material bal- 
ance; and the various quantitative con- 
cepts for the prediction of reservoir per- 
formance under various conditions of 
natural control, and supplemented by 
the usual means of pressure mainte- 
nance, secondary and tertiary recovery. 
It is not the purpose of this paper to 
deal with all the ramifications of this 
subject, which are embraced at great 
length under the popular title of “reser- 
voir engineering”. 

The appraisal of physical plant im- 
plies a knowledge of materials, construc- 
tion engineering, and the production 
processes involved in the operation of 
the lease, the pump station, the pipe line, 
the gasoline or condensate plant, and 
the refinery. 


Economics 


An understanding of basic economics 
is essential to anyone engaged in evalu- 
ation and appraisal work. A knowledge 
of the evolution of economic society and 
the elementary concepts of value, fair 
market value, and price must be under- 
stood. The general study of economics 
should also include such fundamentals 
as production, consumption, money, 
credit and banking, interest, profits, in- 
surance, labor problems, and federal, 
state and local taxes.” 

The history of business cycles should 
be studied, since the appraiser must al- 
ways be cognizant of the position of the 
cycle at the time of the appraisal. Al- 


P 093. 


though most appraisals are made ing 
current price of the commodity |) a 
projection of future revenues, the in) «Jj. 
gent appraiser will review the business 


cycle, and if in his opinion a pric. de. 
crease in the commodity might bh: ex. 
pected due to inflationary trend- he 
might point out the effect of such . de- 
crease in value. 

The importance of studies of this 
character are shown by Pogue® i); his 


statement: “The Function of ‘Profi: ~~ j,, 
the Petroleum Industry”, present«:| ty 
the Sub-committee on Business P vofits 
of the Congress of the United States. He 
defines four principles that serve as 
guides to anyone seeking to analyze the 
size and significance of profits: 

1. In times of inflation, or rapid 
change in the purchasing power of the 
dollar, “profits” as reported on the basis 
of established accounting practices are 
in effect overstated by the amount of the 
rise in replacement costs over the sum 
set aside to cover capital extinguish- 
ments—depreciation, depletion, etc. 

2. In times of inflation, reported 
“profits” cannot properly be compared 
with previous years because of the 
skrinkage in the purchasing power of 
the dollar. Only by correcting for the 
changing length of the yardstick can 
this be done with any accuracy. 


3. In times of inflation, the rate of re- 
turn on the capital employed, ordinarily 
a very useful standard, cannot be used as 
a criterion of the magnitude of “profits” 
because the rate of return is a ratio be- 
tween two sets of dollars of different 
values. It is mathematical error to 
strike a ratio between things of a differ- 
ent kind. Only by adjusting either the 
capital employed or else the “profits” to 
like dollars is such a ratio permissive. 

4. In all times, inflationary or normal, 
the most effective criterion to apply in 
the judgment of “profits” is their ade- 
quacy or inadequacy in the process of 
capital formation. Our entire economy 
is dependent upon the formation of suffi- 
cient capital funds to maintain and ex- 
pand the country’s productive capacity. 
As capital costs rise, “profits” are called 
upon to supply increasing amounts of 
these funds. 


A knowledge of specialized petroleum 
economics is essential to the experienced 
appraiser.* The history of the develop- 
ment of the petroleum industry and the 
reason for the values of the commodity 
(oil) must be understoed. The possible 
competitors to oil, both present and 
future, should be recognized. Other im- 
portant items in our over-all petroleum 
economy include supply, demand, im- 
ports, exports, the effects of proration 
on price structure, and the formation of 
capital within the industry. The history 
of the price of oil and the reasons under- 
lying price changes should be known. 

With respect to the more localized 
problems the questions “will a project 
pay?”; “why do it at all?” and “why do 
it now?” are involved in economic 
selection.5 The choice may lie between 
two or more projects or merely between 
a given project and no enterprise at all. 
With respect to the payout we are in- 
terested primarily in whether the enter- 
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The inside story of a new power-pump design 


THE WORTHINGTON 
~ | HEAVY-DUTY MULTI-PLUNGER” 
‘ 1 VERTICAL POWER PUMP 
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\s To users of Worthington pumps, “‘heavy- 
” duty construction”’ is almost taken for granted. 
4 But when Worthington engineers make a spe- 
* cial effort to put extra ruggedness into a pump, 
is you have something comparable to this Wor- 
e thington Multi-Plunger Power Pump. Study 
“ the features and see for yourself! 

N- ON THE LIQUID END 

d 1, LIQUID CYLINDER—made of forged steel with 
d large fluid passageways bored from solid forgings 
“ for maximum strength. 4 

if 2. STUFFING BOxES—forged-steel barrels, bolted 
e directly to cylinder with extra-deep boxes that 


‘permit maximum interchange of plunger sizes. 


3. PLUNGERS—made from hardened and ground 
alloy steel or any other suitable metal. Solid 
ceramic plungers can be furnished for corrosive 
y applications. 


” 4, VALVE SERVICE—stainless-steel, heat-treated 
valves and valve seats. High-strength valve springs 
and bolted valve-hole covers. 


0 5. INDIVIDUAL VALVE HOLE COVERS—one for each 
r valve, permits quick and easy access. 


“ ON THE POWER END 


6. CAST-IRON FRAME—totally enclosed, with de- 


] sign that permits torque to be applied near founda- 
“ tion. All bearing surfaces and running parts 
“ pressure lubricated. 

of 7. ONE-PIECE STEEL CRANKSHAFT— one-piece forged 
Ly steel, accurately turned and ground to size. Heavy 
“4 sections for minimum shaft deflection when loaded. 
X- 8. CONNECTING ROD—marihe-type, forged-steel, 
y: with steel-backed, babbitt-lined crankpin bearings 
d and solid bronze crosshead pin bearings. 

of 9, CROSSHEAD CRADLE LINERS—solid cast iron with 


bronze liner shim adjustable to permit careful 
™ alignment. 








od 10. BRONZE-SHELL MAIN BEARINGS|— two-piece 
p- bronze shell design babbitt-lined with large bear- 
1e ing surface for longest-life. Precision made for 
ty trouble free operation. 

7 If your application calls for a power pump 
“ of this size, or any other size, write, stating 
m specific requirements, to Worthington Cor- 
n- poration, Reciprocating Pump Division, 
nt Harrison, New Jersey. 

ry ‘available in 3, 5 or 7 plunger arrangements (300, 500, 700 hp) 
T- tot shown in drawing 

n. 

od 

ct 

lo 

ic 

“A CENTRIFUGAL ROTARY STEAM POWER VERTICAL TURBINE 
il. 

n- 


The World’s Broadest Line Assures You the Right Pump for Every Job 
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prise will pay in the long run. Hence, 
such an investigation demands a thor- 
ough analysis of investment, operating 
costs, fixed charges, depreciation, and 
maintenance costs. 

It is quite evident that the valuation 
engineer should be familiar with other 
engineering-economic concepts, such as 
interest, discount, present worth, equiva- 
lence, annuity, and sinking fund calcula- 
tions, to such an extent that he can at 
will solve any of the special problems 
that may arise. 

In many cases, basic business prin- 
ciples have been acquired by the en- 
gineering student through the slow and 
uncertain processes of experience. Many 
educators and professional engineers are 
of the opinion that such a course should 
be incorporated in every engineering 
curriculum, following the introduction to 
economics.® 

Without delving into all the details of 
business organizations, it is evident that 
the engineer should have a satisfactory 
knowledge of the proprietorship, part- 
nership and corporation. He should be 
able to differentiate clearly between the 
various stocks, notes and bonds as they 
affect the organization and the holder 
thereof. The general functions of the 
board of directors should be known, 
especially with respect to their responsi- 
bilities and liabilities, and more specifi- 
cally, with respect to the declaration of 
dividends. 

Consideration should be given to a 
study of state requirements in the or- 
ganization and management of corpora- 
tions, and the process of incorporating, 
the promoter and his functions, capital 
and capitalization, sales of stocks and 
bonds, selection of officers and staff, the 
various types or organizations, and the 
fixing of responsibilities. Of particular 
interest to the valuation engineer is a 
clear concept of the processes of re- 
organization, consolidation and merger, 
which demand his special services in the 
valuation of the property which is in- 
volved in such changes. He should also 
study the various types of oil and gas 
companies, both integrated and those 
with a single function, such as the pro- 
ducing company, in order that it might 
be understood where the profit margin 
is found for each type of company. 


Accounting 


General. The replies to a question- 
naire sent out by the American Society 
for Engineering Education disclosed that 
economics, business, and commercial 
subjects were serious omissions from 
college engineering curricula. In the 
order of the number of times mentioned, 
accounting came third, with business 
administration first, and economics sec- 
ond. It must be remembered, however, 
that business administration is based 
largely upon the facts and figures of the 
accounts. These and similar studies in- 
dicate the importance of a sound know- 
ledge of accounting fundamentals.’ 

The principles of general accounting, 
both single entry and double entry, are 
basic to an understanding of the more 
specialized concepts to follow. The de- 
tails of the trial balance, profit and loss 
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statement, and the balance sheet should 
be known thoroughly to enable the en- 
gineer to calculate the gross returns on 
capital and the disposition of gross 
revenue between the requirements of ex- 
penditure, profit and surplus. He is also 
interested in knowing the earnings per 
share of common stock outstanding, cur- 
rent assets and liabilities, various oper- 
ating ratios, and other ratios which will 
be mentioned specifically for petroleum 
accounting procedures that follow. 

Petroleum. In most of the major oil 
companies of the United States account- 
ing analyses of operations are made with 
deviations in form but with results that 
have a large degree of uniformity and 
accuracy.® For several years a committee 
of the American Petroleum Institute 
worked on a project directed towards 
uniform accounting for the oil com- 
panies. As a result of this work the com- 
panies’ balance sheets and profit and 
loss statements could be compared and 
interpreted. The difficulties in so stand- 
ardizing procedures ate realized when 
one considers that rarely did any two 
public accountants prepare comparable 
balance sheets, which lead to the three 
types of reports: Optimistic, pessimistic, 
and verbose reports that tell nothing. 

The valuation engineer is interested 
in the comparison of the results ob- 
tained by the managements of oil com- 
panies with respect to final earnings 
per share of common stock, provisions 
per share for depletion and depreciation, 
earnings per share before depletion and 
depreciation, dividends per share, ratio 
of dividends to net earnings, cash divi- 
dends distributed per net barrel pro- 
duced, percentage earned on par, per- 
centage earned on market value, and 
book value per share. In come cases it 
may be necessary to value the physical 
property by the inverse process of evalu- 
ation of the stocks behind the property. 
An over-all appraisal of the company, 
however, involves a consideration of all 
the factors listed and many more, de- 
pending upon the purpose of the report 
and the end-objectives sought. Studies in 
the specialized area of petroleum ac- 
counting are therefore of direct concern 
to the valuation engineer and to the 
petroleum economist. 


Cost accounting methods in the petro- 
leum industry are of more specific in- 
terest to the valuation engineer in his 
daily routine because he is concerned 
invariably with the selection of repre- 
sentative unit costs in support of his 
appraisal. He must consider lifting 
costs, operating costs, and overhead 
costs on various unit bases, such as the 
cost per barrel, and the cost per well 
per unit of time. He is also faced with 
policies of return on capital through de- 
pletion, depreciation, and amortization, 
and the unit costs thereof that are ap- 
plied in the valuation process. In the 
event that he is engaged in the evalua- 
tion of physical plant he should have a 
good working knowledge of the costs 
of construction, proportioned between 
the elements of labor, materials, hauling, 
overhead, and other composing elements. 
Although the valuation engineer is not 
a construction engineer, he must use 
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many of the same processes of thinking 
in breaking down the value of pliysica] 
equipment into its component parts. 


Law 


The engineer should have a ° genera] 
knowledge of the law. He should a 
least be acquainted with legal concepts 
to the extent that he can converse with 
lawyers with a working knowlecge of 
some of the peculiar terminology of the 
law. He should be familiar, generally, 
with legal history, with contracts, with 
the organization of federal, state, and 
local courts, and with the differences be. 
tween civil and criminal procedures. He 
should have considerable knowledge of 
the duties and rights of an expert tech- 
nical witness. He should be cognizant of 
the necessity for having written con. 
tracts or agreements between parties in 
any sort of business undertaking, which 
are so clearly spelled out that there js 
little room for misunderstanding. Above 
all, he should realize his limitations jn 
legal knowledge so that in any matters 
requiring legal decisions he will seek the 
counsel of an experienced lawyer. 

A working knowledge of oil and gas 
law is of basic importance. The extent 
of legal knowledge required will vary 
from the vocabulary and definitions of 
petroleum law terms to a fair under- 
standing of oil and gas leases, royalties, 
assignments, drilling contracts, rights- 
of-way contracts, and transfer orders.” 

The need for a knowledge of tax laws 
is apparent, as taxes have become one 
of the largest cost items, and are often 
the motivating causes in the purchase 
and sale of properties, and conse- 
quently in their evaluation.‘ Thus the 
engineer must know about local, state, 
and federal taxes on corporations and 
pesroleum products. He must also be 
familiar with tax deductions as deple- 
tion and depreciation and other tax re- 
quirements for evaluation which will be 
described later. 

In order to understand fully the edu- 
cational background involved in the 
evaluation process, it is necessary to 
examine the types of work that the ap- 
praiser performs. It is chiefly in the de- 
scription of this highly specialized work 
that one gains a comprehensive apprecia- 
tion of the prerequisites essential for 
professional efficiency. 


Applications 

Public Utility Appraisals. Ordinarily, 
the appraiser of oil and gas properties is 
not concerned primarily with valua- 
tions made to support the various pul- 
poses of the public utility, such as: (1) 
rate base; (2) sale or consolidation; 
(3) taxation; (4) insurance determina- 
tion; (5) determination of bond issue, 
and (6) comparison with capitaliza- 
tion.’ Some of the methods employed in 
public utility valuation are of interest 
to the oil and gas property appraiser, 
however. This is particularly true in the 
determination of the value of “bare 
physical plant”. : 

An appraisal seeking to determine 
true values for the purposes cited must 
be based upon the unbiased summation 
of all tangible and intangible property. 














This month we'll ship our 31,470th mil« 
of large diameter welded line pipe 


This month we will have shipped 31,470 miles 
(4,500,000 tons) of A. O. Smith Line Pipe for the 
world’s growing pipe line networks. 


In the latter part of 1927, when A. O. Smith introduced 
its large diameter, high strength, welded line pipe, the 
entire industry could turn out no more than three miles 
of large diameter pipe per day. By 1928, A. O. Smith had 
increased its capacity to more than 15 miles per day. 


Virtually overnight A.O.Smith opened the way for the 
construction of many contemplated lines which were 


not economically possible until an adequate and as- 
sured supply of pipe was available. 


Since that time, by every means known to science, 
the SMITHWAY process of pipe manufacturing has 
been ceaselessly developed and perfected, offering ever 
greater assurance of accuracy, uniformity and reliability. 


Today A.O. Smith is still the leader in the development 
and manufacture of large diameter line pipe and prac- 
tically every major pipe line is wholly or partly built 
of our pipe. 


DEPENDABILITY through RESEARCH and ENGINEERING 


AOSmith 


CASING © LINE PIPE 
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Chicago 4 © Dallas 2 ¢ Denver 2 © Houston 2 ® Los Angeles 22 


Midland 5, Texas ¢ New Orleans © New York 17 
Pittsburgh 19 © San Francisco 4 © Seattle 1 © Tuisa 3 
Washington 6, D. C. 


International Division: P. O. Box 2023, Milwaukee 1 
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As the appraiser’s work must often be 
upheld in court, adequate reasons must 
be given for every step made in the 
process. End results that may be antici- 
pated are: (1) investment; (2) original 
cost; (3) reproduction cost new; (4) re- 
placement cost, and (5) present value. 

The inventory constitutes the first 
step in making the appraisal. Upon its 
completion, the unit costs are deter- 
mined carefully, which include indirect 
as well as direct costs. The engineer who 
is familiar with the determination of 
these unit costs will appreciate the me- 
ticulous detail involved in the process 
that is necessary for the support of plant 
value in court. Although short-cut meth- 
ods are used frequently in the appraisal 
of lease physical equipment to accom- 
pany the ordinary oil and gas property 
valuation, yet the thorough approach 
used in utility appraisals constitutes an 
excellent yard-stick for the measurement 
of the tenability of the work performed. 

After applying unit costs to the in- 
ventory, the value of “bare physical 
plant” is obtained, to which are added 
the percentages for engineering, con- 
tingencies, and administration during 
construction, which results in the re- 
production value of the physical plant. 
The application of these intangibles in- 
volves knowledge, experience, and judg- 
ment on the part of the engineer making 
the appraisal. 


Producing Properties 


Insofar as purpose is concerned, most 
evaluations involve individuals, com- 
panies or corporations who are in need 
of funds for development or other rea- 
sons and have as collateral for loans 
their producing properties that must be 
evaluated in order to ascertain the in- 
come anticipated therefrom, and the con- 
sequent rate at which the loan can be 
repaid. Another purpose involves the 
market value of a property in connection 
with a prospective purchase or sale. The 
evaluation of corporation property is 
sometimes necessary because of dissolu- 
tion or merger, which becomes an in- 
volved procedure and often results in 
litigation. Government agencies such as 
the Securities and Exchange Commis- 
sion, the Department of Justice, and the 
Bureau of Internal Revenue, have a con- 
siderable interest in such matters.1? 

In the creation of a corporation where 
stock is to be sold to the public, the 
evaluation of properties may be in- 
volved with direct reference to legal con- 
siderations. Unitization of oil properties 
also involves evaluations, law and law- 
yers, to the end that the Antitrust Act, 
or other federal and state laws are not 
violated with equitable participation 
calculated for all interests in the op- 
eration. 


A most important purpose of evalua- 
tion is the determination of the value of 
oil and gas reserves so that the amount 
and future availability of oil or gas may 
be anticipated by management in rela- 
tion to its projection of fiscal policies 
and long range planning. The value of 
company oil and gas reserves is often 
the largest single item of the balance 
sheet, which requires more constant re- 
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view than the cash and securities that 
are audited at more frequent and regular 
intervals. 

Without going into all the details of 
reservoir engineering, and especially 
that part relating to the estimation of 
recoverable oil and the timing of its re- 
covery, it is sufficient to state that all 
methods applicable should be considered 
by the valuation engineer in the predic- 
tion of these quantities. The methods 
may include: Comparison with other 
properties having comparable structural, 
reservoir, and other basic characteris- 
tics; volumetric estimate of original re- 
coverable oil, gas, and water in place; 
the use of production decline curves; the 
use of the material balance; and various 
quantitative methods for predicting 
pressure, production, and gas-oil ratio 
trends, such as the solution-gas drive 
mechanism. Obviously, the more tech- 
nical details of the appraisal are met in 
the estimation of net recoverable oil and 
gas reserves, and the determination of 
the rate or rates by which the net reserve 
will be reduced to possession. 


In the estimation of reserves by the 
commonly used volumetric method, the 
appraiser must construct structural and 
isopachous geological maps of the oil 
and gas reservoirs under consideration. 
A study of the physical characteristics 
of the reservoirs, and the oil or gas con- 
tained therein, will enable an estimate to 
be made of the oil or gas in place. A 
study of all reservoir factors, including 
pressure and gas-oil ratio history will 
result in an estimation of the amount of 
oil or gas to be recovered. 

In the process used for the determina- 
tion of the value of the reserves as of 
any specified date, the appraiser must 
have information on the price of oil, the 
estimated average future production ex- 
pense and taxes per barrel, future capi- 
tal expenditures necessary for new wells, 
and the equipment necessary for pro- 
duction over the anticipated life of the 
property. 

The items of production expense re- 
quire careful scrutiny, not only in their 
proper determination from the company 
records, but in the projection of these 
costs into the future so that they are 
representative of the costs and contin- 
gencies known to occur in comparable 
operations. 


Tax estimates usually include only the 
taxes levied on well production. Cor- 
poration and private income taxes are 
not included ordinarily as they are out- 
side the scope of the appraisal. Income 
taxes, however, may constitute a decid- 
ing factor in the purchase or sale of oil 
and gas property. 

The general practice normally is to 
use the current posted prices for crude 
oil in the evaluation of properties, which 
is arbitrary, and requires no prediction 
of future economic conditions on the 
part of the appraiser. The complete and 
finished appraisal, however, involves 
possible future price estimates, not only 
of oil and gas, but of commodities, labor, 
and other items that are subject to fluc- 
tuation in sympathy with general eco- 
nomic trends. 

Capital expenditures include the cost 


of drilling and completing new . ells; 
the cost of lease equipment, inc! «ding 
tanks, lines, manifolds, compress« + sta. 
tions, pumping units, gasoline »|lants 
and other items planned in the eco aomi- 
cal recovery of the oil and gas. 

The evaluation must then travslate 
this estimate of oil, gas, or condensate 
recovery into future net revenue, !»y the 
joint consideration of price, prod:iction 
and capital expenditures, ani ad 
valorem and production taxes. The 
future net revenue is estimated by years 
and then discounted to present worth, 
based on the current rate of interest. 

The appraiser has thus arrived at a 
cumulative present worth figure. The 
market value of this present worti: will 
vary, since, due to the tax situation or 
other motives, ownership of this income 
would have different values to different 
owners. 

A willing buyer, usually, will demand 
an additional profit that will depend on 
the risks involved, size of operation, rela- 
tive income tax brackets and rates, rela- 
tive financial and trading positions, 
credit relationships, and other factors. 
The buyer must therefore determine 
what price he can pay in order to obtain 
the profit necessary for the particular 
enterprise in which he is engaged. 

Although most of the oil and gas 
evaluation work is concerned with the 
analytical appraisal just described, it is 
often necessary to evaluate proved un- 
developed property, and property not 
proved for production. The evaluation 
of non-producing ‘properties involves 
consideration of such factors as proxim- 
ity to producing wells, general leasing 
activity in the area, possible oil or gas 
traps indicated by geology or geo- 
physics, rentals paid for continuation 
of interests, and the remaining life of 
these interests. 

The appraiser who is qualified to ar- 
rive at the value of each share of stock 
in an oil or gas company has reached the 
ultimate in petroleum evaluation. In 
order to arrive at such a value, he must 
evaluate or supervise the evaluation of 
the oil, gas and condensate reserves and 
the physical equipment of the company. 
It is necessary that he project the future 
net income, study the operational con- 
tracts and analyze the balance sheets 
and profit and loss statements of the 
company. He is then in a position to de- 
termine the so-called “market value” of 
the stock. 

Since millions of dollars may hang in 
the balance, the appraiser must be abso- 
lutely impartial. Here is the factor that 
separates a mere tradesman from a 
highly respected petroleum appraiser; 
that factor is integrity. The integrity 
must be above reproach, and the ap- 
praiser’s reputation must mean more to 
him than the temptation of money. 

The evaluation of gas and condensate 
properties calls for additional know- 
ledge concerning gas purchase contracts, 
the buying and transmission of natura 
gas by the pipe line companies, and the 
phenomenon of condensate separation 
from gas. | 

The equity securities of an oil and gas 
corporation may be evaluated by a de- 
termination of the so-called break-up 
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yalue for each item on the company’s 
balance sheet, excepting going concern 
and good will values. The break-up 
yalue is not related to the book nor to 
the market value of the stock, but it does 
serve as a basis of value for the guidance 
of negotiators who realize not only that 
the business will be sold as a going con- 
cern, but that the break-up value is im- 
portant in the initial consideration of 
the long term investment in equity 
securities. The market value of oil and 
gas properties is usually the most im- 
portant item on the balance sheet. 

Other assets of oil companies may be 
appraised on the basis of their earning 
power. A gasoline plant or a cycling 
plant will be evaluated not on the basis 
of inventory value of its physical equip- 
ment, but on a present worth appraisal 
of its future anticipated net income, or 
its capitalization after allowances for 
depreciation. 

The evaluation of refineries calls for a 
specialized knowledge, and the usual 
petroleum appraiser will consult an ex- 
perienced refinery engineer for aid in 
this phase of appraisal work. 

The appraisal of pipe lines occasion- 
ally requires that the valuation engineer 
consult an experienced pipe line en- 
gineer, but usually a knowledge of the 
company’s earnings, present and future 
operating expenses, and salvage value, 
will permit a personal worth evaluation 
of the property. 

Not only must asset values. be deter- 
mined, but the liabilities of the corpora- 
tion must be appraised. The resulting 
break-up value is usually expressed as 
aunit per share of stock. Alternatively, 
equity securities may be evaluated in 
some cases by the determination of their 
market value. 

Valuation for Governmental Pur- 
poses. In view of its mounting import- 
ance it is fitting to discuss tax valuation 
in some of its characteristic aspects. Al- 
though local and state ad valorem tax 
problems demand the appraiser’s atten- 
tion, we are concerned more directly 
with problems related to federal income 
and other tax cases where leases, roy- 
alties, oil payments, and allied oil and 
gas properties must be evaluated. Some 
of the more important tax valuation 
problems will be discussed briefly.1° 

The value of the property owned by a 
decedent at the time of his death or one 
year later establishes the federal estate 
tax liability, and also becomes the basis 
for federal. income tax purposes. The 
value of a property donated serves as 
the basis for the federal gift tax. The 
individual who receives oil and gas pro- 
pertiés as compensation for personal 
services rendered realizes income in ac- 
cordance with the value of the proper- 
lies at the date of their receipt. The pay- 
ment to stockholders of undivided in- 
lerests in oil and gas properties as divi- 

ends involves valuation at the date of 
receipt of the properties. This value for 
ptrPoses becomes ordinary income 

€ extent of corporate earnings and 
oy if oil properties or interests are 
; between parties, a taxable ex- 
ange results for federal income tax 
— the basis of which is the gain 
"loss 0 each party measured by the 
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Even machinery that 


produces oil needs 
automatic oiling to 
insure long-lasting, 
trouble-free service. 
Manzel Force Lubrica- 
tion is standard on 
leading makes of en- 
gines, compressors, 
and other machinery. 
It can be engineered 
to your requirements. 
Experienced repre- 
sentatives throughout 


the country. Write... 


ght 


291 Babcock Street, Buffalo 10, N. Y. 


Manzel Lubricates Worthington Diesel. What’s Your Problem? 
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Premium Quality Features 


@ Body, bonnet, yoke, wedge, and hand-wheel of 
this sturdy R-P&wC Gate Valve are forged steel. 
Wedge is heat-treated. Seating surfaces are 
smoothly ground and chromium plated for near dia- 
mond hardness. Stainless steel swinging gland eye- 
bolts and nuts won’t corrode or freeze. Furnished 
in 14” to 2” sizes. Screwed, flanged, or welded end. 

It’s a premium quality valve but NOT premium 
priced. See your R-P&C distributor or write near- 
est R-P&C district office. 


R-PaC 
R-Pac VALVE DIVISION "ee | Ives 


AMERICAN CHAIN & CABLE 


Reading, Pa., Atlanta, Baltimore, Boston, Chicago, Denver, 
Detroit, Houston, New York, Philadelphia, Pittsburgh, 
San Francisco, Bridgeport, Conn. 














difference between the amount traded 
and the fair market value of the pro- 
perty received. The latter value js 
treated as the equivalent of cash. 

Frequently, individuals transfer to a 
newly formed corporation oil and gas 
properties in exchange for its stock. The 
value of each property conveyed to the 
corporation must be ascertained and 
stock issued in exact proportion to these 
values if tax exemption is desired, A 
valuation is necessary upon the saie of a 
portion of an oil property, the gain or 
loss involving the allocation of cost or 
other basis to the property sold, and also 
the property retained. 

Upon the dissolution of a partnership, 
the allocation and distribution of assets 
in kind to the partners must be made in 
proportion to the relative values of the 
assets. Although the transaction is tax- 
free, the allocation serves as a basis for 
the determination of gain or loss on sub- 
sequent sales and for the usual deduc- 
tions for depreciation and depletion. 
Likewise, allocations must be made be- 
tween parties who own producing oil 
and gas leases and exchange one-half 
interests in the leases so that each there- 
after owns a one-half interest in such 
lease. In other cases, it may be necessary 
to allocate the purchase price of a pro- 
ducing oil and gas lease between lease- 
hold and equipment. 

Other purposes for evaluation in con- 
nection with federal taxes include the 
calculation of salvage values of the 
equipment, and the verification of the de- 
duction for worthless royalties. 

The valuation of properties also ac- 
companies the application for certifi- 
cates of convenience and necessity such 
as are required by the FPC. 

Fair Market Value for Tax Purposes. 
In order of importance, oil and gas pro- 
perty evaluation for federal tax pur- 
poses involves the following factors: 
(a) actual sales and transfers of pro- 
perties on or near the date of evalua- 
tion; (b) unaccepted offers; (c) cost if 
purchased near the date of evaluation; 
(d) appraised value for other purposes; 
(e) condition of titles; (f) the presence 
or absence of a call on oil; (g) the 
records of other litigation; (h) com- 
parison with the value of corporate 
securities, (i) analytical appraisals. 

It has been said’* that nowhere is 
there more complexity than in the fed- 
eral tax rules relating to ordinary oil 
and gas transactions. A tax system de- 
signed for the usual business transac- 
tions must adapt itself to such concepts 
as the oil payment, the overriding 
royalty, the farm-out, the carried inter- 
est, and the net profits contract. The 
logic in the rules relating to exploration 
and drilling must be understood; dis- 
tinctions must be made between capital- 
ized items and those chargeable to ex- 
pense, and between investment costs sub- 
ject to depletion and those subject to 
depreciation. 

Jackson“ finally proposes that a com- 
plete re-writing of the regulations deal- 
ing with oil and gas income tax prob- 
lems would have a beneficial effect by 
its clarification and simplification of 
present complex procedures. 
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PERRAULT 


FIBER-CAST 


THERMO-SET PLASTIC PIPE 


SLASS FIBER 


REINFORCED WITH G 
FOR 
THE OJL INDI 
THE GAS IND 
FRESH WATER S$ 
SALT WATER SYSTEMS 


“Everything 
for the Pipeliner” 








PIPE CUTTERS 


“ARMSTRONG BROS.” Three wheel and 
Standard wheel and roller Pipe Cutters are 
quality cutters throughout... built to give 
years of good service. 

“ARMSTRONG BROS.” drop forged Pipe 
Cutters are built for lifetime service with 
one-piece drop forged steel heat treated body 
and a replaceable hardened steel nut to take 
up the wear and thrust of handle screw. Used 
either as 1-wheel (with 2 rollers) or 3-wheel 
(for close quarters). 

“ARMSTRONG BROS.” Knife Blade Cutter 
Wheels are machined from special alloy tool 


LOO, steel properly heat treated. They 


Write tor 


Catalsg 


cut rapidly and easily, hold their 
\ keen edge. 


ARMSTRONG BROS. TOOL CO. 


“The Tool Holder People” 


5231 W. ARMSTRONG AVENUE « CHICAGO 30, ILL. 





Summary and Conclusions 

With final reference to the engineer- 
ing appraisal and the concept of value, 
DeGolyer!? has stated that analytical 
methods alone do not necessarily pro- 
vide the best answer. The question of 
future price fluctuation is ever present 
and changes in supply and demand must 
be anticipated. Certain intangibles such 
as the effect on future profits of new oil 
field discoveries, production methods, 
and oil substitutes must be ascertained. 

No single value exists for a property. 
One of great value to a company may 
have less value'to another. Certain crude 
oil reserves may have a greater value to 
a completely integrated company than to 
one engaged in production only. 

Tax problems have become of such 
major importance of late that the ex- 
pression . “willing buyer and _ willing 
seller” might well be modified in some 
cases to read “willing buyer and willing 
seller in a similar tax position.” 

All factors must be correlated with the 
analytical appraisal. No simple formula 
or solution exists. True value is settled 
finally by “arm’s length” trading in 
sales, mergers and like transactions in- 
volving valuation. This leads to the most 
important factor — judgment — which, 
tempered by broad experience consti- 
tutes the most dependable qualification 
for an appraiser.'” 

In conclusion, the petroleum valuation 
engineer must be prepared for his pro- 
fession by training in the basic sciences, 
including geology; also in engineering, 
accounting, economics, and corporation 
finance. He should have a general under- 
standing of law, especially oil and gas 
law, and the governmental regulations 
relating to oil production, transporta- 
tion, refining, taxation, inter-state com- 
merce, and. public utilities. 
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PNEUMATIC & 
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Equipment 
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CYLINDERS 


For air, oil, water, gas or steam opera- 
tion —in standard and special diameters 
and stroke lengths. 


Write for Bulletin 500 


For operating air and 
hydraulic cylinders 
and motors, single and 
double acting. Hand, 
foot, power and sole- 
noid operated. 


Write for Bulletin 1000 


T VALVE 

it ACTUATORS 
ee For power operation 

ew and remote control of 

line valves. Adaptable 
to most any make, size 
and type of valve, to 
operate against any 
line pressure, for any 
fluid medium, with any 
pressure. 


Write for 
Bulletin 512 


AIR-HYDRAULIC 
PUMPS 


High pressure oil, 
from plant air 
supply. For clamping, 
drawing,forming, 
testing and other 
operations requiring 
long high pressure 
cycles without vibra- 
tion or overheating. 
Ready for connection 
to plant air and hy- 
draulic lines. 


Write for Bulletin 4000 
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VALVES @ CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS e AIR HOISTS 


1608 San Pedro 
Los Angeles 15, Calif. 
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GAS UTILITY USES 
225 NATIONAL HEATERS... 
SAVES $900 PER MONTH 


SITUATION — Underground natural gas storage area 
in Central Michigan underlying 25 sections of land. 
Input pressures range from 307#psi to 700#psi. Gas 
is dehydrated before storage. i 


PROBLEM — To find a heater 


1. That would give a 35 degree temperature rise 
to a gas stream whose maximum flow would be 
500,000 cu/ft. per day. 


That was small enough to fit in a small house 
covering both the wellhead and the heater. 


. That would operate at maximum efficiency since 
all gas consumed in the heater cost approximately 


NATIONAL 


TULSA, 
REGISTER and VOTE , , , it’s YOUR Country 
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30 cents per thousand cu/ft. at the wellhead. 


RESEARCH — Several types of “home-made” and 
commercial heaters were tried along with National's 
16” x 6’, Model CA124 Horizontal Heater. 


RESULTS — By actual fuel consumption tests, 
using identical hook-ups, National's heater out- 
performed all others using exactly one half as 
much fuel as the competitive models. The gas 
utility shows a savings of $900.00 per month, 
based on a 12-month gas expense period. These 
savings are based on actual tests. They are 
effected by using 225 National 16” x 6’ direct 
heaters — indirectly — in this one area. 
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